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AUSTKACT 
The discovery ot Cosmic rays about 8U years ago, opened 
up a new window for astrophysics and added an additional dimension 
to our study ot interplanetary space. Ground-based observations 
of Cosmic rays have formed a relatively inexpensive method of 
probing this interplanetary medium/space. 
The real effective use of Cosmic rays for th is purpose 
can be traced to the efforts of the late S. E. Forbush, he 
discovered three different kinds of time variations of primary 
Cosmic radiation operating over different scales of times, the solar 
flare increase over a period of minutes to an hour or more, the 
Forbush decrease lasting over a period of a fraction of a day and 
over days for the recovery and the long term (11 year/22 year) 
change in Cosmic ray intensity. 
The work reported in this thesis consist mainly of long-
term variation in the isotropic and anisotropic (diurnal) component 
of Cosmic ray intensity along with the polarity reversal of the solar 
polar magnetic field during the period 1963-87, which includes the 
solar activity cycle 20 and 21. Our results are based on the data 
of Deep-River (cut of r igidi ty R = 1.02 GV and latitude/^ =46.10°N) 
The author has also studied the eltect of different types 
of streams on Cosmic ray intensity. The rigidity spectrum of the 
Cosmic ray decrease observed in association with flare associated 
streams, both before and after the polar field reversa l in 1980, 
has been studied. 
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The galactic Cosmic radiation (GCR) is considered almost 
isotropic outside the heliosphere. The continuous outward flow of 
the solar wind, shocks and frozen-in magnetic field produces time 
variations in Cosmic ray intensity of different periodici t ies-22-years 
11-years, 27-days, 24-hours and 12 hours. 
The aim of the modulation research at present is to 
identify the detailed physical mechanisms that are responsible for 
modulation during different periods and different solar cycles. 
More than four decades have been passed since the ground 
based continuous observations of Cosmic ray intensity were started 
by Forbush and almost two decades have been passed since the 
initiation of satell i te experiments. We are now in a position, which 
enables us to discuss the long term modulation of Cosmic rays in 
the heliosphere, such as the 11 year and 22-year variat ions. 
The 11-year modulation of the Cosmic rays , in 
anticorrelation with the 11-year solar act ivi ty , is well established, 
although its origin is not yet fully understood. In addition to this 
11-years cycle, our results presented in this thesis clearly indicate 
that a 22-year periodicity in this modulation is also important. 
Among the most important features that seem to have a 22-year 
periodicity {in addition to an 11-year periodicity) are the diurnal 
variation and the modulation effects that depend on the sign of 
the particle charge and the sign of solar polar magnetic field. 
All the features of the diurnal variation, can not be 
explained on the basis of the existing models. Our resul ts , 
discussed in this thesis , may provide some help and clues in 
developing theoretical models. 
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Now the Cosmic ray modulation is an experimental tact, 
but we do not yet understand exactly how and where this modulation 
occurs. To solve this r idd le the long-term changes (22 -yea r s / l l -
years) in the isotropic and anisotrolpic components of the Cosmic r a y 
intensity have been studied, both theoretically and experimentally 
along with the polarity reversal of the sun ' s magnetic field and 
other solar controlled parameters that effect the interplanetary 
medium. 
For this purpose autlior has studied the long term variation 
in the isotropic and anisotropic component of the Cosmic ray 
intensity during different solar activity cycles and observed 
significant changes from one cycle to another, which might be 
related some way or the other to the conditions in the 
interplanetary space. 
Since the Cosmic ray modulation is produced by solar 
magnetic fields which are carried out, into the interplanetary space 
by the solar wind and hence the nature of the long term modulation 
of Cosmic ray Intensity Is expected to depend upon the polarity 
of the solar poloidal magnetic fields also in addition to the sunspots 
and other solar ac t iv i t ies . Our results presented here clearly 
indicate that the modulation characterist ics are quite different from 
one sunspot cycle to another. 
The thesis is divided Into four chapters . The first 
chapter briefly reviews the subject, in particular, the present 
understanding of the modulation processes. The second chapter 
describes the method of analysing the Cosmic ray d a t a 
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diurnal component of the Cosmic ray dally variation. In the third 
chapter , the long-term variation in isotropic as well as in 
anieutiuplc (juiiipuiiLnil ol Iho (JUBIIIIC toy inlensily has boon eludlt^d 
lor tlie period 19133-1907 whlcli Includes the solar cycle ZU and 
21 , observed results are significant in terms of the three dimensional 
model of ttie heliosphere. tourth cliapter deals with the study 
of different types of high speed solar wind streams, i . e . coronal 
hole associated and solar flare associated, observed during the 
period 1972-84. A detailed study of their effects on Cosmic ray 
intensity, observed by three neutron monitors of different median 
r igidi ty of response, has been done. 
Some of the important results that have emerged from the 
present study are listed below: 
1. The Cosmic ray intensity variation shows the periodicity 
of 11-year as well as 22-years. 
2. The variation of the phase of tfie dfurnal anlsotropy over 
the period 1963-87 shows the 22-years periodicity which 
is related to the polarity reversa l of the solar polar 
magnetic field. 
3 . 22-year periodicity in the phase of the diurnal anlsotropy 
Is also observed on magnetically quiet and disturbed days . 
4. Our observational results also shows that during both 
increasing/decreasing phases of solar cycle 20 and 21, 
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the dlurna] anisntropy phaRO shifts to earl ier .lourB ior 
perlod (q Q; ±) wlien al l days are taken into 
consideration as well as on magnetically quiei and 
disturbed days. Our results are in general sgreernent with 
the curvature nnn RrHdient drift rrodel. 
5. The shape of the time profile of the Cosmic ray intensity 
variation during odd solar cycles is different than che 
even cycles. During odd cycles sharp peak maxima of 
C.R. intensity are observed, while the maxima of Cosmic 
ray Intensity are broad during the even cycles. 
6. The Cosmic ray intensity recovers very slowly during odd 
cycles, while the recovery during even cycle i s fast. 
7. Systematic differences in the overall shape of successive 
11-year modulation cycles and similari t ies in the shape 
of the alternate 11-year modulation cycles are observed, 
that Indicate a 22-year periodicity in Cosmic ray Intensity 
variations, which seem to be related to the 22-year solar 
magnetic cycle. 
a. Our results, suggest that the accumulative effect of 
For bush decreases is not the only cause for producing the 
long-term modulation of Cosmic ray intensity as suggested 
earlier in several papers , but in addition to th is some 
other phenomena/mechanism, are operating in the 
innter/outer heliosphere may be responsible for solar 
modulation of Cosmic ray intensity. 
9. The decrease in Cosmic ray Intensity due \.o hi^i-. speed 
s':reams fro.T. solar fisres is much larger (and Forbuc""'-
type) than the sireaniE; aue tc coronal hoies, T'r<e .?3BSZII 
lur li\lB diffarence !:u'.y ho duo '.u ll'.o 'oci ll-sii 
flare-assccist'^.a strearas are aGCOLipaiuec ..-y K.cro 
t'ioctuatioiis in the magnitude ancl/oi- direction of .he 
inter planetary magnetic fie id than coronal hole-assoclaiad 
streams. 
lU. The rigidity spectruiR of Cosmic ray Gecreases assccia.sc! 
with flare streams does not shav. uopendence jr. 
the polarity of the Bolar pojsr 
magnetic field „ 
11. Our results show that the Gtreams coming froi;. the j c r c a ) 
hole 'J\MSS3) during the period 1965-74 pro.i.^ce significr.-i. 
dacreaoE in Cosmic ray intensity (Forbush iype) . 
12. Oor results show that a combined effect of two ' in porta." c 
interplanetary parameters V and B is necessary to cause 
the reduction of Cosmic ray intensity and io reproduce 
the Cosmic ray Intensity behaviour during RHBSs. 
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ABSTRACT 
The discovery oi Cosmic rays about 80 years ago, opened 
up a new window for astrophysics and added an additional dimension 
to our study ot interplanetary space. Ground-based observations 
of Cosmic rays have formed a relatively Inexpensive method of 
probing this interplanetary medium/space. 
The real effective use of Cosmic rays for this purpose 
can be traced to the efforts of the late S. E. Forbush, he 
discovered three different kinds ot time variations of primary 
Cosmic radiation operating over different scales of times, the solar 
flare increase over a period of ninutes to an hour or more, the 
Forbush decrease lasting over a period of a fraction of a day and 
over days for the recovery and the long term (11 year/22 year) 
change in Cosmic ray intensity. 
The work reported in this thesis consist mainly of long-
term variation in the isotropic and anisotropic (diurnal) component 
of Cosmic ray intensity along with the polarity reversal of the solar 
polar magnetic field during the period 1963-87, which includes the 
solar activity cycle 2U and 21. Our results are based on the data 
of Deep-River (cut of r igidi ty R = 1.02 GV and latitude =46.10°N) 
The author has also studied the effect of different types 
of streams on Cosmic ray intensity. The rigidity spectrum of the 
Cosmic ray decrease observed in association with flare associated 
streams, both before and alter the polar field reversa l in 1980, 
has been studied. 
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The galactic Cosmic radiation ((jCKJ is considered almost 
isotropic outside the hel iosphere. The continuous outward flow of 
the solar wind, shocks and frozen-in magnetic field produces time 
variations in Cosmic ray intensity of different periodici t ies-22-years 
11-years, 27-days, 24-hours and 12 hours. 
The aim of the modulation research at present is to 
identify the detailed physical mechanisms that are responsible for 
modulation during different periods and different solar cycles. 
More than four decades have been passed since the ground 
based continuous observations of Cosmic ray intensity were started 
by Forbush and almost two decades have been passed since the 
initiation of satelli te experiments. We are now in a position, which 
enables us to discuss the long term modulation of Cosmic rays in 
the heliosphere, such as the 11 year and 22-year variat ions. 
The l l -yenr modulntion of tlie Cosmic rnys, in 
anticorrelation with the 11-year solar act ivi ty , is well establ ished, 
although i ts origin is not yet fully understood. In addition to this 
11-years cycle, our results presented in this thesis clearly indicate 
that a 22-year periodicity in this modulation is also important. 
Among the most important features that seem to have a 22-year 
periodicity (in addition to an 11-year periodicity) are the diurnal 
variation and the modulation effects that depends on the sign of 
the part icle charge and the sign of solar polar magnetic field. 
All the features of the diurnal variation, can not be 
explained on the basis of the existing models. Our resul t s , 
discussed in this thes is , may provide some help and clues in 
developing theoretical models. 
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Now the Cosmic ray modulation is an experimental iact, 
but we do not yet understand exactly how and where this modulation 
occurs. To solve this r idd le the long-term changes {22-years / l l -
years) In the isotropic and anisotrolpic components of the Cosmic r a y 
intensity have been studied, both theoretically and experimentally 
along with the polarity reversa l of the sun 's magnetic field and 
other solar controlled parameters that effect the interplanetary 
medium. 
For this purpose author has studied the long term variation 
in the isotropic and anisotropic component of the Cosmic ray 
intensity during different solar activity cycles and observed 
significant changes from one cycle to another, which might be 
related some way or the other to the conditions in the 
interplanetary space. 
Since the Cosmic ray modulation is produced by solar 
magnetic fields which are carried out, into the interplanetary space 
by the solar wind and hence the nature of the long term modulation 
of Cosmic ray intensity is expected to depend upon the polarity 
of the solar poloidal magnetic fields also in addition to the sunspots 
and other solar ac t iv i t ies . Our results presented here clearly 
indicate that the modulation characteris t ics are quite different from 
one sunspot cycle to another. 
The thesis is divided into four chapters . The first 
chapter briefly reviews the subject, in particular, the present 
understanding of the modulation processes. The second chapter 
describes the method of analysing the Cosmic ray d a t a 
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(Harmonic analysis) to determine the amplitude and phase of the 
diurnal component of the Cosmic ray daily variation. In the third 
chapter, the long-term variation in isotropic as well as in 
anisotropic component of the Cosmic ray intensity has been studied 
for the period 1963-1987 which includes the solar cycle 20 and 
21 , observed results are significant in lenns of the three dimensional 
model of the heliosphere. Fourth chapter deals with the study 
of different types of high speed solar wind streams, i . e . coronal 
hole associated and solar flare associated, observed during the 
period 1972-84. A detailed study of their effects on Cosmic ray 
intensity, observed by three neutron monitors of different median 
rigidity of response, has been done. 
Some of the important results that have emerged from the 
present study are listed below: 
1. The Cosmic ray intensity variation shows the periodicity 
of 11-year as well as 22-years. 
2. Ihe variation of the phase of the diurnal anisotropy over 
the period 1963-87 shows the 22-years periodicity which 
is rolnted to the polarity rovcrsQl of the solar polar 
magnetic field. 
3 . 22-year periodicity in the phase of the diurnal anisotropy 
is also observed on magnetically quiet and disturbed days . 
4. Our observational results also shows that during both 
increasing/decreasing phases of solar cycle 20 and 21, 
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the d inrna] nnlRntrnpv phnRn RhIftR tn nnr l in r hnnrR for 
period (q o: ±) when al l days are taken into 
consideration as Vvuil as on magnetically quiet and 
disturbed days. Our results are in general agreement with 
the curvature and gradient drift model. 
5. The shape of the time profile of the Cosmic ray intensity 
variation during odd solar cycles is different than the 
even cycles. During odd cycles sliarp peak maxima of 
C.R. intensity are observed, while the maxima of Cosmic 
ray intensity are broad during the even cycles. 
6. The Cosmic rny intonRity rorovors vnry slowly durlnp odd 
cycles, while the recovery during even cycle is fast. 
7. Systematic differences in the overall shape of successive 
11-year modulation cycles and similari t ies in the shape 
of the alternate 11-year modulation cycles are observed, 
that indicate a 22-year periodicity in Cosmic ray intensity 
variations, which seem to be related to the 22-year solar 
magnetic cycle. 
8. Our results , suggest that the accumulative effect of 
For bush decreases is not the only cause for producing the 
long-term modulation of Cosmic ray intensity as suggested 
earlier in several papers , but in addition to this some 
other phenomena/mechanism, are operating in the 
innter/outer heliosphere may be responsible for solar 
modulation of Cosmic ray intensity. 
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9. The decrease in Cosmic ray Intensity due to high speed 
streams from solar flares is much larger (and Forbush-
type) than the streams due to coronal holes. The reason 
for this difference may be due to the fact that 
flare-associated streams are accompained by more 
fluctuations in the magnitude and/or direction of the 
interplanetary magnetic field than coronal hole-associated 
streams. 
10. The rigidity spectrum of Cosmic ray decreases associated 
with flare streams does not show dependence on 
the polarity of the solar polar 
magnetic field. 
11. Our results show that the streams coming from the coronal 
hole (RHSSs) during the period 1965-74 produce significant 
decrease in Cosmic ray intensity (Forbush type ) . 
12. Our results show that a combined effect of two important 
interplanetary parameters V and B is necessary to cause 
the reduction of Cosmic ray intensity and to, reproduce 
the Cosmic ray intensity behaviour during RHSSs. 
: ; : ; ? : : : ; ? : ; : * * * * : ; : * * ; ; : * : ; : * : ; 
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J N I HUlJUC IJ ON 
1.0 Brier Survoy of thn Coamic Raya: 
The discovery of cosmic rays and the developments 
of the dicipline provides a fascinating story. It began 
about 75 years ago with an observation of a residual 
ionisation that persisted even when radiation detectors (such 
as the familiar gold-leaf electroscope ) has been well 
insulated and surrounded by thick shielding . Soon it became 
obvious that unknown radiation penetrates the shielded 
chamber and ionising the air surrounding the electroscope. 
After Becquerel's discovery of natural radio-activity at the 
turn of this century, it was logical to attribute residual 
leakage of the electroscope to the presence of radio-active 
contamination in the air and surroundings. However, 
pioneering observations from balloon-borne detectors 
eventually demonstrated a pronounced increase in intensity 
of the penetrating radiation with an increase in altitude. 
In 1912, Victor F.Hess ascended to an altitude of 
17,500 feet in his balloon-borne gondola with measuring 
instruments proved the extraterrestrial nature of the 
unknown radiation. Its origin from the cosmos led to the 
adoption of the name "cosmic rays". 
Conmic rayR hnvn bpon irlotihiTiod nr? niortr irnlly 
charged particles and not electromagnetic radiation, as 
originally nnniiinod. 1 lio pr imnt ion impinging on the top of 
the atmosphere are atomic nuclei of elements. Protons or 
hydrogen nuclei are the most abundant in the primary cosmic 
rays, followed by alpha particles (or helium nuclei) in the 
approximate ratio of 10:1. On the other hand, heavier nuclei, 
although relatively scarce (approximately 1 percent), are 
more plentiful in cosmic rays than those of iron which are 
exceedingly rare in cosmic rays. But there is a low 
percentage of electrons. Primary cosmic rays interact with 
the atmospheric cnstituents and hence do not penetrate very 
deeply. They transfer their energy to the secondaries which 
are eventually observed at ground level (Fig.1). 
The primary galactic cosmic rays extend in energy 
S 2,0 
from 10 eV to an upper limit of at least 1x 10 eV (Suga et 
al . 1971, Webber et al. 1973). Cosmic rays are isotropic 
i.e. they arrive at the earth in essentially equal amounts 
from all directions (excepts for some cosmic rays of solar 
origin). The consensus of cosmic ray physicists is that most 
of the cosmic rays are of galactic origin hence they are 
Incident 
Primary 
Particle 
N\i ^ NO^-
\(.0^ 
Electromagnetic 
Or 'soft* 
Component 
Or Hard 
Component 
Nucleonic 
Component 
"tn. F l g . l Diagranvatical representat ion of production of 
t h e secondary cosmic ray components, 
N,P - High energy nucleons . 
n,p - D i s in tegra t ion product nuc leons , 
o - atomic n n c l e i of atmospheric c o n s t i t u e n t s . 
called galactic cosmic rays, as distinguished from those of 
solar origin, known as solar cosmic rays. A certain 
9 
heliospheric contribution of some cosmic rays upto 10 eV 
cannot be excluded. But Alfven (19B4) is still the only 
astrophysicist who claims that cosmic rays (except for those 
of very high energies) are all of solar and heliospheric 
origin. Hence the question of acceleration processes within 
the heliosphere becomes important from this point of view as 
wel 1 . 
Thus cosmic ray researches have served as a unique 
tool for investigating a large variety of problems in high 
energy physics, elementary particle physics, Astronomy, 
Astrophysics, Cosmology, Geophysics and Helio-physics. 
At persent, we have the cosmic ray observations 
from a number of ground-based monitors well distributed in 
longitude and latitude and the large amount of 'in-situ' 
spacecraft observations of the interplanetary plasma and 
magnetic field parameters. This provides the research 
workers an opportunity to develop physical understanding of 
the earth's near environ-mental and the electromagnetic 
processes which operate in the interplanetary medium. 
1.1 The Sun: 
Our interest is in the sun, its environment, and 
the connection between the two and the earth is quite 
natural. The sun is an average star neither too hot nor too 
cold, massive or light, but in between . It is indeed a 
sample ofthe cosmic material. It is comparatively much closer 
to us than the other much bigger and brighter stars. The sun-
earth distance is about 1.5 x 10 meters which is called the 
11 
astronomical unit 1AU (1 AU = 1.5x10 meters). 
In our planetary system the sun is the main source 
of energy. It is a spherically symmetric body in equilibrium 
and is the only star which persents its surface details. 
The sun is a completely gaseous sphere having a diameter 
139000 km. All the parameters of the sun are given in table 1. 
In the core of the sun (Fig.2) the solar 
material is highly compressed under its own gravitational 
attraction. The mean central density is about 100 gm.cm 
and the temperature has been estimated to be 15 x 10 K . 
Due to such a high central temperature and density, the 
thermonuclear reactions take place. Hydrogen is the most 
plentiful element in the universe while the sun contains 
highest proportion of it. Inside the core where the 
TABIC / 
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Fig,2 A schematic view of the core (or centre) of 
the sun. 
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temperature and pressure are immense, the hydrogen nuclei 
are combining to form nuclei of helium by P-P cycle or CNO 
cyclo (4 .11 > HQ ) nnd Iho onormous amount of onoryy Is 
released. A part of this energy is being continuously 
radiated into the space. 
The sun is composed of a number of concentric 
regions named as core, radiative zone, convective zone, 
photosphere, chromosphere and corona (Fig.3). The visible 
portion of the sun is called the photosphere which is about 
300 km thick. All the heat and light reaching the earth are 
radiated from the photosphere. The various phenomena which 
occur in the different layers of the sun are given in table 2. 
1.1,1 The Sunspots: 
The surface of the sun is not smooth and featureless. 
The photospheric layer of the sun has darker patches known as 
sunspots . The sunspots appear dark as they are cooler 
('^4000^K) than the surrounding regions ( /~5800'^K). The 
sunspots consist of a dark central region called the umbra 
surrounded by a lighter rim called the penumbra (Fig.4 ). 
In 1908 an American Astronomer, George Hale 
observed Zeeman effect in the spectrum of sunspots, which 
TABLE 2 
Tfie VoA-tooA pficnomena wlfvich occot -en -t/ie 
du.iiQ.iztit taye.nA 0^ the. Sun 
Layzn. 0($ the. Sun Phenomena Octal 
Photo-iphzfie a. Sanipot 
b. gfianale^ 
c. Supe.n. gn.anulailon 
d. Maculae 
e. 5 minute oscillation 
Chfiomo6pheie a. Vlaiei,. 
b. VKomine.nced 
c. SpicuZeii 
d. chfiomo-iphefiic gfianule.i, 
Coiona a. Solan. Mind 
b. Cofional holei 
10 
Corona 
Chromosphere 
{JOO Km);miOT05pHEBE 
Temp.(OK) 
Density(9m/Cm^) 
^<j-
ENERGY FLOW 
Fig.3 A schematic Illustration of the different 
layers of the sun. 
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clearly indicated the presence of strong magnetic fields. The 
magnetic field in the vicinity of the sunspots can be upto 
10,000 gauss many thousands times stronger than the earth's 
magnetic field and equivalent to the strongest magnetic 
fields produced in laboratories on the earth. The highest 
magnetic field intensities are found in the cool central 
umbras of sunspots with weaker fields existing in the warmer 
outer penumbras. 
A typical sunspot comes and goes within a week 
• although some of the larger ones can last a month or more. 
Throughout the eighteenth century, it was generally 
recognised that the number of spots on the sun at any time 
did not remain the same from one year to the next but varied 
in some sort of cyclic pattern. During the early 19th 
century, the German Astronomer, Heinrich Schwabe (1789-1875) 
spent 20 years in observing the sun. In 1843 he announced 
that sunspots appeared and decayed in an 11-year cycle 
(Fig.5 ). The sunspot cycle is not perfectly regular, 
successive maxima can be as close as 7.5 years and as far as 
16 years apart. At the minimum in the cycle, there are only 
three or four spots seen on the entire solar disk. Sometimes 
there is none at all. At the maximum of the cycle, there can 
13 
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be 100 spots or more. At the beginning of a cycle, the first 
spot starts to break out at latitudes approximately 40 from 
the solar equator. As these initial spots fade and die, they 
are replaced by a newer and more numerous spots at 
progressively lower latitudes, closer to the equator. 
Sunspots usually appear in pairs, with magnetic 
field lines leaving one of the spots and entering the other 
(Fig.6 ). One of the spot is a magnetic north-pole, the other 
being a south pole. The relative magnetic polarities of the 
individual spots in a pair exhibit an extremely interesting 
pattern. Every one of the spots that is leading to the 
direction of solar rotation in the northern hemi-sphere has 
the same polarity. A similar leading-trailing pattern is also 
seen in the southern hemispheres but the polarity is 
reversed. When the solar cycle repeats every 11 years the 
same sort of pattern is exhibited, but the polarity is 
reversed in both hemispheres (Fig.7 ). Because of the 
polarity change at the start of each cycle, one should 
strictly speak of a 22-year magnetic cycle rather than an 11-
year solar activity cycle. 
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'ig,7 Sunspot polarities in the Northern and southern 
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leading and trailing spot are reversed in the 
Northern and Southern hUnispheres(b) Eleven years 
later, the polarities in each hemisphere are 
reversed/ compared to the(a). 
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1.1.2 Solar Flare : 
The most spectacular thing that ever happens on the 
sun is the solar flare. The existence of solar flare was 
first reported by the English astronomer, Richard Carrington 
in 1889. Solar flares are intense discharges of energy that 
originate in the chromosphere (Fig.8 ). They typically last 
for a few minutes, but some of the larger flare can last as 
long as one hour. During a flare, large amount of matter is 
violently ejected from the sun, some particles reaching 
velocities as great as one third the speed of light. A solar 
flare also releases an intense flood of X-rays and ultra-
violet light as well as powerful surge of radio noise (Fig.9), 
A single large flare can give off enough energy to supply 
all the power needs of the united states for the next 60,000 
years. 
The cause of solar flare is still not well 
understood but flares do occur more frequently during periods 
of high solar activity. At the maximum in sunspot cycle, a 
flare will occur for about one hour, and a particularly 
large flare will occur about once a month. Solar flares are 
of more than strictly academic interest, as they can have 
profound effects on the earth. Some of the flood of matter 
18 
Fig.8 A simple view of the solar flare. 
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Fig ,9 The spec t r a l radiance of the surface 
of the sun as a function of wavelength, 
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ejected from the sun during a flare.will strike the earth and 
disrupt the terrestrial mnqnetic field. FSiirh nn evotit, is 
called the magnetic storm. During magnetic storms, all sort 
of strange and unusual things can happen. Magnetic compasses 
are often upset, making ocean going navigation hazardous. 
The large number of particles injected into the 
terrestrial magnetic field causes spectacular auroral 
displays. The flood of X-rays emitted during a solar flare 
greatly increases the number of charged particles in the 
ionosphere .This causes the level of the ionosphere to shift, 
altering the pattern of long range radio communication. The 
intense radiation emitted during flares can be a real hazard 
for astronauts in outer space. One should therefore never 
plan a long duration space mission during times of peak solar 
activity. For various parameters of the solar flares see 
table 3. 
1.2 Heliosphere and Current Sheet : 
The sun influences and shapes the region of the 
interplanetary medium, which is known as the heliosphere, the 
physical conditions within this space are under the influence 
of the sun. The solar regime and its evolution as a function 
of space and time is important in understanding the 
21 
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modulation of cosmic rays. The important question that still 
occupies cosmic ray physicists is as to how far into the 
interstellar medium does the solar influence extend and where 
does the heliospheric boundary lie? Many have been guesses 
and in the course of time, the boundary has been shifted 
farther and farther from the sun. The current estimates put 
this boundary at about 100-150 AU. 
Our concept of heliosphere is a region dominated by 
solar activity. Thus the importance of the solar control and 
influence on diverse phenomena within this region has come to 
be recognised. It is now known that our earlier assumption 
of spherical symmetry of this region is invalid. 
It was suggested by Venkatesan and Badruddin (1990) 
that the motion of the solar system in the interstellar 
medium could generate a bow shock (Fig.10 ), The region 
between the bow shock and boundary of the heliosphere 
(heliopause) contains the interstellar magnetic field 
(<-^ -10 G). The continuous outpouring of solar wind at 
supersonic speed is anticipated to become subsonic outside 
the heliopause. Within the region of the shock front 
(Fig.11), the magnetic field traces the so-called archimedian 
spiral. The plasma flow is radial. Outside the shock front, 
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the maqnetic fields are visualised as disordered and the 
plasma flow as turbulent. The distance of the helio-pause 
from the sun is an important question yet unresolved, as 
pointed out earlier. 
The consensus of the scientific cummunity, is that 
most of the cosmic rays are galactic in origin and 
isotropically incident on the heliopause. 
It has been known for several decades that the sun 
is an emitter of both particle and field radiation, but 
recent years have brought out the possibility of huge sheets 
of current emanating from it (Fig.10 ). During much of the 
solar cycle large coronal holes dominate the polar regions 
and may intrude into low latitudes as peninsulas extending 
across the equator (Zirker, 1977). The more or less uniform 
magnetic polarity spread over these extensive areas of the 
photosphere establishes the condition for the coronal 
magnetic field to be open (Levine, 1977, 1978) and for the 
plasma to expand outward as a high speed solar wind stream 
(Hundhausen, 1977). The oppositely directed magnetic fields 
and the flow from the north and south 'polar' coronal holes 
thus divide the heliosphere roughly into two hemispheres of 
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opposite magnetic polarity separated by a somewhat corrugated 
current sheet (Thomas and Smith, 1981). 
To examine the variation of cosmic ray flux with 
respect to the current sheet, it is appropriate to make aware 
with the present knowledge concerning its shape and how it 
changes during the solar cycle. There is now growing 
awareness that solar cycle related changes in the large-scale 
structure of the heliospheric current sheet may play an 
important role in the modulation of galactic cosmic rays. To 
date attention has been focussed on the configuration of the 
current sheet at times near solar minimum when the current 
sheet structure is relatively simple. Previous analyses have 
explored the effect on cosmic ray intensities of a single 
current sheet which is tilted with respect to the 
heliographic equator under the assumption that the tilt of 
the current sheet is minimum at a solar minimum and increases 
as solar maximum approaches (Thomas et al.1986). 
Galactic cosmic ray intensity variations and 
geomagnetic field are much influenced by processes occuring 
on the sun, and thus intern by interplanetary medium. The 
magnetic irregularities which act as effective scatterers are 
carried away from the sun by radially moving solar plasma 
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with supersonic velocities ( 300 to 1000 Km/sec). Therefore , 
to interpret theroretical1y the modulation of galactic cosmic 
ray intensity, it is very essential to have a clear 
understanding of both the continuously blowing solar wind and 
the disordered interplanetary magnetic field, 
1.3 Solar Wind: 
It is common knowledge that solar gravity is 
insufficient to retain all the sun's matter; consequently, 
the hot solar corona (the upermost layer of the sun) expands 
continuously into what is called the "solar-wind". The 
evidence of the continuous emission of the supersonic solar 
wind was pointed out by Beirmann (1951, 1957) in his 
explanation of the observed acceleration of the type-I comet 
tails. He suggested that acceleration and ionisation of 
cometory molecules was due to the continuous bombardment of 
magnetised plasma ions flowing continuously and radially out 
from the sun. Since than a number of excellent reviews 
dealing with both the observational data of solar wind and 
their theoretical interpretation (Dessler, 1967, Axford, 
1968; Hundhausen,1970, 1972; Parker, 1969, Burlaga, 1971) 
have been published in the literature. 
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The solar wind constantly flows outward from the sun at 
supersonic speed averaging 350 to 450 Km/sec. Sweeping 
through the heliosphere , it interacts with every thing in 
its path ; one consequence is the formation of a fascinating 
variety of planetary magnetospheres. 
The hydro-dynamics streaming of the plasma outflows from 
the sun (Parker, 1967) is the energy transport mechanism from 
it to the heliosphere. Since the solar wind permeates the 
entire heliosphere, it is appropriate to list in table 4 its 
average characteristics at the radial distance of the 
earth, i.e. at 1 AU. 
Electrically charge particles are continuously 
accelerating away from the sun's seething surface, dragging 
the solar magnetic field lines along with them. They travel 
along these solar highways until they encounter the earth's 
magnetic field. Then the particles and both the solar and 
terrestrial magnetic field lines undergo complex 
interactions, which more and more scientists speculate may 
influence widespread weather changes and even long term 
shifts in climate. 
We are only beginning to understand this 
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remarkable sun-earth interaction with space-age technology, 
we have been able to confirm that the earth lies not only in 
the path of visible light and other invisible formn of 
radiation from the sun, but also in the way of streaming 
ionised particles, or plasma. These particles and the 
interplanetary solar magnetic lines they follow are what we 
call solar wind (Fig.12 ). 
Basically the solar wind consists of protons and 
alpha particles. Along with these particles, it has a 
significant percentage of helium and significant traces of 
heaviour elements (Table 4). Considerable variations are 
observed in these quantities during the period of geomagnetic 
storms associated with solar flares. There are also 
variations in the solar wind in association with the 11-year 
solar activity cycle (Bame, et al . 1976.:i, Gosling et al . 
1976). Recently, on the basis of the observations of the 
solar wind by the Pioneer and Vela spacecraft, Intriligator 
(1974, 1975) found that the frequency of high speed streams 
and their duration vary over the solar cycle. The frequency 
of the high speed streams and yearly average of solar wind 
speed is maximum during solar cycle maximum. However, this 
has not been accepted universally (Mathews et al. 1971, 
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V a s y l i u i i a s , l 9 / b , U a l U j I i e l l o , l 9 / a ) . tiyiuJei eL a t . ( l 9 0 J ) 
have e s t a b l i s h e d a s t r o n g c o r r e l a t i o n between geomagnet ic 
i ndex Kp and s o l a r w ind v e l o c i t y , 
V ( H w f 8.44 l l k j , + 330 ( 1 - 1 ) 
Although there was no strong correlation between 
plasma velocity and overall activity as determined by sunspot 
number and 10.7 cm. flux. A correlation obtained from the 
observations of IMP-1 (Pai et al. 1967) is slightly different 
than given by (1-1). 
\\C>nlUO^ 6 . 6 3 1 kj, + 2 .62 ( 1 - 2 ) 
The difference is probably due to the fact that 
geomagnetic activity may be dependent on various other 
factors which may vary with solar cycle. 
During the last few years new measurements of the 
interplanetary medium and the sun have produced exciting and 
important change in our knowledge of the interplanetary 
phenomena. The most important phenomena for solar-terrestrial 
physics we believe, are the occurent streams in the solar 
wind near the earth. Streams are quasi stationary, hot, low-
density flows, originating in coronal holes on the sun. 
Streams were originally modelled as steady, constant-speed 
flows emanating from localised sources on the rotating sun 
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(Chapman and Ferraro, 1929). 
Various studies of the variability of the solar 
wirul volocity in tfm ocliptic plnno have rwvenled a tondoncy 
towards high speed stream structure. Several researchers have 
studied the characteristics of these high speed plasma 
streams giving various definitions of them (Intri1igator, 
1973, 1977, Gosling et al . 1976; lucci et al, 1979) and many 
related reviews on earlier works have been presented by 
Hundhausen (1972), Burlaga (1975, 1979). 
The interplanetary data obtained by satellites for 
more than two solar cycles have shown that high and low-speed 
streams continuously reach the earh and have different 
origins. Two classes of high speed solar wind streams were 
indentified (lucci et al. 1979): 
(a) Regular and recurrent high speed streams coming from 
coronal holes (RHSSs), 
(b) Complex and transient high speed streams associated with 
energetic solar flares (CHSSs). Low speed solar wind streams 
(LSSs) are still open problems (Withbroe, 1986 and references 
therein). 
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It is known that periods of enhanced speed lasting 
for several days are often observed in the solar wind 
velocity data. In searching for streams various definitions 
for a high speed stream have been used. Intriligator (1973, 
1977) defines a high speed stream as one having a rapidly 
rising increase in solar wind speed and a peak velocity 
greater than or equal to 450 Km/sec. Bame et al. (1976) and 
Gosling et al. (1976) define a high speed solar wind stream 
as an observed variation of solar wind speed characterised by 
an increase of at least 150 Km/sec within a 5-day interval. 
Broussard et al. (1977) define a high speed as a period in 
which the solar wind speed is > 500 Km/sec averaged over a 
day. Lindblad and Lundstedt (1981) indicate a high speed 
stream as a period in which the velocity difference 
Vo between the smallest 3 hr. velocity a given day (Vo) and 
the largest 3 hr. value for the following day is equal or 
greater to 100 Km/sec. and lasts for at least two days. 
Venkatesan et al.(1982) define a high speed solar wind stream 
as one having a rapidly rising increase in the solar wind 
speed (V) over a short period ( AVo>200 Km/sec in < 24 hr.) 
reaching a maximum value of 550 Km/sec which persists at 
high values for at least 3 days after the increase. 
Mavromichalaki et al . (1988) define a high speed solar wind 
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stream as a period in which the difference Vmax between the 
maximum daily mean speed (Vmax) and the mean value between 
the speeds immediately preceding and following the stream 
(Vo) is greater or equal to 100 Km/sec lasting for at least 
two days. 
The high speed solar wind streams lasting for 
several days has been observed by satellites and spacecrafts. 
The passage passes the earth ofthe high velocity solar wind 
streams, in general, leads to geomagnetic disturbances and 
change in the level of cosmic ray intensity. These high speed 
streams are thus a key link between the complex chain of 
events that link geomagnetic intensity/cosmic ray intensity 
to solar activity and are, therefore, of great interest to 
solar terrestrial physics community (Lindblad et al. 1989; 
Mavromichalaki et al . 1988 ; Venkatesan et al., 1982; lucci 
et al., 1979). 
1.4 Interplanetary Magnetic Field : 
The magnetic field on the surface of the sun is 
about one gauss. Near the poles, the field looks like a 
dipole and becomes radial at larger heliocentric distances. 
Near the equator, the field is rather disordered. Since the 
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continually ejected solar wind is highly conductive, it will 
carry with it the lines of force of the general solar 
iiiayiit?Lic rield. Ihe IMI , boing rMiibaddftd In t,h« highly 
conducting solar wind, behaves as if it is frozen-in with the 
moving plasma. Due to the rotation of the sun, the field is 
twisted and is of the form of an archimedian spiral in the 
sun's equatorial plane (Fig.13). 
Parker (1963) had theoretically estimated that the 
field at the orbit of the earth is very nearly radial and is 
-5 
of magnitude 2 x 10 gauss. But at the orbit of Jupiter the 
field is completely of spiral nature as shown in figs.14 (a) 
and 14 (b). Because of the anisotropic expansion of the gas 
as it comes out from the sun, the field is unstable. The IMF 
lines have an average angular velocity equal to the sun's 
equatorial plane i.e. the solar wind moves (nearly) radially 
outward while the archimedean spiral IMF configuration, on 
the average, corotates with the sun. 
The spiralling of the IMF terminates at about a 
100 AU helocentric distance. The angle between the 
archimedean spiral IMF and the heliocentric radius vector is 
called the garden hose angle (Fig.15 ). The complement of the 
gardon hose angle is expressed as. 
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Fig,14(a) Projection on the solar equatorial plane of the 
spiral solar magnetic field which i s carried to 
inf in i ty hy outward streaming of so lar wind plasma 
with a velocity of 300 Km/sec, 
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RADIAL FLOW OF 
THE SOLAR WIND 
5F.hr,r o r soLAf? 
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Fig,15 The 7^ i s t h e gardon-hose angle between the 
nominal archimedean s p i r a l IMr configurat ion 
and the r a d i a l flow of the s o l a r wind. The 
angle 4* i s the complement of the gardon-hose 
angle. At the o r b i t of the ear th v^  i s '^ - 4 5, 
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tany = Vs /OOr (1-3) 
where Vs is the solar wind velocity blowing radially outward , 
r is the heliocentric distance and W i s the angular velocity 
of the equatorial region of the sun as seen from the earth. 
For a solar wind velocity Vsff:400 Km/sec, the angle at the 
o 
orbit of the earth (r ^ir 1AU) turns out to be 45 . 
Direct measurements from the spacecraft show that 
IMF can be influenced by the solar activity. Wilcox and Ness 
(1965) and Wilcox and Colburn (19^0), Illustrate evolutionary 
changes of the IMF in the form of well defined sector 
strcutrue (Fig.16 ). The IMF seems to be well ordered into 
sectors with magnetic field being predominantly away from the 
sun (positive) and towards the sun (negative). The existence 
of the sector structure in the IMF during the period of 
maximum solar activity has also been established (Wilcox and 
Colburn, 1970). 
The effect of magnetic field sectors and its 
boundary (the reversal of magnetic field), on cosmic ray 
anisotropy, geomagnetic field and solar activity have been 
reported since long (Swinson, 1969, Nigam et al. 1978). The 
effect of sector structure on short term cosmic ray variation 
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Fig ,16 shows the sector s t r u c t u r e of the i n t e rp l ane t a ry 
magnetic f ie ld which coro ta tes with t he sun. 
has also been studied (Duggal and Pomerantz, 1977, Nigam et ^ o 
a1 . 1978). They tiave reported t.f\a':, there is a reduct.lon in 
the flux of cosmic ray particles from 1 to 5 days after the 
boundary sweeps pass the earth. 
1.5 A Model for Solar Field Reversal : 
The concept of the solar magnetic field reversal 
being accomplished by a complete overturning of the poloidal 
field of the sun is inconsistent with dynamo theory (Babcock, 
1961; Stix, 1976). In this section we have discussed an 
additional model for the heliospheric field near solar 
maximum which is based on the hypothesis that the solar field 
reverses by shedding the poloidal field of the previous cycle 
and developing a new field of the opposite polarity. Fig.17 
is a schematic representation of a mechanism by which this 
may be accomplished. The three panels represent a time 
sequence. 
The top panel shows the interplanetary field (solid 
lines) as it may appear above the solar corona at a time well 
before solar maximum. For simplicity we assume a single flat 
equatorial current sheet at this time. The circle represents 
not the sun but the source surface of the solar wind, and 
thus all fields lines are open at this time. 
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Fig.17 A schematic representation of a model 
for the solar f ield reversal . 
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The middle panel illustrates the situation near 
solar maximum with isolated regions of opposite polarity now 
existing in the two hemispheres, separated from the 
background field by additional current sheets. The dashed 
lines represent new field lines, associated with the 
developing current systems, which are drawn into 
interplanetary medium by the outflowing solar wind. The 
hypothesis is that as the new regions of opposite polarity 
grow they push the old flux toward lower latitudes where it 
is ultimately shed from the sun. 
The bottom panel illustrates the situation shortly 
after solar maximum when the new polarity regions have spread 
completely over both hemispheres, establishing the new cycle, 
with the old flux now completely shed from the sun. If the 
bulk of the field reversal takes place in a time scale of one 
year, then the new flux will not have had time to convect to 
the ho 1 i d pnusn, and the fiold litior. in the inner helio^.phore 
at this time will therefore be closed. 
This model may be over simplified, there may be 
more than one region of the anomalous polarity which develops 
in each hemisphere and the flux shedding process, if it 
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occurs, will probably be spasmodic and patchy. However, 
topological 1y there are only two possible interpretations for 
the solar reversal process. Either field lines migrate over 
the solar surface or, alternatively, new flux emerges and 
displaces the old. Reconnection processes may be expected to 
play a role in the reversal but if isolated regions of 
opposite flux do develop on the sun, it will not be possible 
for the field lines in these regions to reconnect with the 
old field from the opposite hemisphere. 
1.6 Solar Modulation of Galactic Cosmic Rays: 
It is generally accepted that tfie galactic c:osmic 
r ill! I ii t. i o n Is l/ir')t!ly I a n t r' ip i <.. I h n ruin n t \ i \ M n ? 
interplanetary medium, however, exert a profound influence on 
the cosmic radiation upto helio-centric distances of 10-50 AU 
causing them to undergo deviation (or modulation) from 
isotropy and change of energy spectrum and intensity. Just as 
seismic waves have been used to study the interior structure 
of the earth and whistlers to study the ionised portion of 
the earth's outer atmosphere, intensive study of cosmic ray 
variations has been used as an effective probe for 
investigating the interplanetary conditions. 
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studies of the cosmic ray modulation have played a 
significant role in our understanding of the nature of the 
interplanetary medium. The cosmic ray modulation process 
itself is a complicated phenomenon. Many theories developed 
to understand these phenomena are necessarily complicated, 
often inconsistent with each other and, in general, unable to 
make more than very general predictions. Whenever cosmic ray 
modulaion is discussed, there is confusion because of the 
mixture at low energies of the galactic cosmic rays and solar 
accelerated particles. During solar flares, the sun generally 
produces a large number of particles, normally with energies 
< 100 MeV, but sometimes extending even to energies ^ 1 GeV, 
producing a detectable enhancement in the counting rate 
registered by the ground based detectors (Pomerantz and 
Potnis, 1960; Pomerentz et al. 1960). The acceleration of the 
energetic particles of approximately the same charge 
composition at the galactic flux occurs frequently on the sun 
and contributes to the measured intensity outside the 
magnetic field of the earth. In this discussion we will 
define the cosmic ray modulation as the temporal changes in 
the intensity of that component of the cosmic radiation 
orginating outside the solar system. Hence, we will concern 
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only with the galactic cosmic radiation. 
The solar controlled modulation of galactic cosmic 
radiations produces variations in the intensity of ground 
based monitors of the following two types: 
(a) Isotropic (time dependent) variations and 
(b) Anisotropic (spatial) variations. 
The Forbush decrease, 27-day, 22-year and 11-year 
variations fall into the former category, whereas the spatial 
anisotropies, such as diurnal, semi-diurnal and tri-diurnal 
variations observed in solar daily variation come in the 
latter category. The sun with its continuously blowing solar 
wind and carrying with it frozen-in magnetic fields can 
essentially affect the galactic cosmic ray particles of 
energies < 500 GeV and produces isotropic (time dependent) 
variations. And the presence of non-uniform and changing 
small scale irregularities in the IMF produces anisotropic 
(spatial) variations. The isotropic (time dependent) and the 
anisotropic (spatial) Vciriations are discussed in details in 
sections 1.7 and 1.8. 
With the extensive setellite coverage within the 
inner heliospfiere and Pioneer and Voyager at large 
heliocentric distances (Fig.10 ), however, the focus of 
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studies in cosmic ray transport, since the late 1970's has 
n h I 1 L«ul b/u;k t.o t.oriipor /« I I y M I K ) n()nt. i M l l y l.r nii;i i o n (, 
phenomena. Improved undrestanding of the global magnetic 
field and the structure of the solar wind as well as of 
transient structures has encouraged studies of the associated 
cosmic ray transients (Burlaga, 1983; Dugga! et al. 1981, 
1983; Barouch and Burlaga, 1975; Burlaga et al. 1984). It has 
also become clear that cosmic ray transients often dominate 
and obscure the underlying steady state configuration. 
The transport equation for cosmic rays has received 
considerable attention over the last 20 years (Parker, 1965; 
Gleeson and Axford, 1967; Jokipii and Parker, 1970) with term 
being emphasised in order to account for various physical 
phenomena. Three physical effects which have traditionally 
been emphasised are the outward convection of the cosmic rays 
by the supersonic solar wind ,the diffusion of cosmic rays in 
the ever present irregularities in the solar heliospheric 
magnetic field, and adiabatic energy change (Fisk, 1979, 
1980). Recently, a fourth term has been re-examined which 
represents the drifts of the cosmic rays in the large-scale 
magnetic field and specially in the vicinity of the current 
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sliBfit , which (lividBh \\\f> he I iiiMphrM c iiiLo l,Wfi horn I r-.phor OG 
containing oppositely directed fields e.g. along the Parker 
spiral toward the sun in the north and away from the sun in 
the south (Jokipii et al., 1977; Isenberg and Jokipii, 1978, 
Jokipii and Kopriva, 1979). 
Great changes occur in the structure of the 
heliospheric magnetic field during the course of the sunspot 
cycle. Near minimum, the current sheet, the boundary between 
magnetic field towards and away from the sun, is nearly 
equatorial with four small excursions away from the solar 
equatorial plane in each rotation. Since tlie ecliptic plane 
o 
is tilted only 7.25 to the solar equator, even these small 
10-15 excursions are large enough to affect the earth and 
produce the four sector structure commonly observed in the 
interplanetary magnetic field (IMF) near minimum (Svalgaard 
and WiIcox,1975). 
1,7. Isotropic (time dependent) Variations : 
1.7.1 11-year variation: 
The number of the sun spots on the surface of the sun's 
visible hemisphere has been studied over more than two 
hundred years and has been found to have an eleven year cycle 
variation of solar activity (Fig.5 ) . If yearly mean cosmic 
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ray intensity along with the yearly mean sunspot number is 
plotted for the eleven years of any solar cycle,then it is 
found that the cosmic ray intensity changes over the solar 
cycle in anticorelation with the sunspot activity (Fig.18 ) . 
The intensity variations 20% in neutron monitor and 5% in 
meson monitors from solar minimum to solar maximum observed 
at high latitude station clearly indicate a strong energy 
dependence of the 11-year modulation of cosmic ray 
i ntensity. 
During the active period of the solar cycle more 
solar events pull more of the solar magnetic field into the 
interplanetary space to prevent the galactic cosmic rays and 
its intensity at the earth is depressed. 
The results, from a large amount of data concerning 
the rigidity dependence of the long term modulation, indicate 
that the low energy component of the cosmic rays show the 
highest solar cycle modulation, while the particles with 
rigidities higher than 15 GV seem to remain relatively 
unaffected and even during minimum solar activity there 
exists a residual modulation of cosmic ray intensity. The 11-
year cycle variation in the pattern of solar activity, as 
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Fig, 18 Shows the •Kicy a n t i - c o r r e l a t i o n between the 
sunspot number and cosmic ray i n t e n s i t y . 
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measured by the number of sunspots, the frequency of solar 
flares and other solar events, was established by the solar 
scientists in the past. Various parameters have been used to 
define the solar activity to der ive tfie i r effect on cosmic 
ray intensity and to determine tfie physical mechanism of tfie 
solar modulation of galactic cosmic rays. It is generally 
agreed that the solar wind and the 'frozen- in' IMF along 
with small scale irregularities, convect out the particles 
entering into the solar system from out side, while they 
diffuse through the IMF irregularities. Various modifications 
have been suggested to this simple convection diffusion model 
to indicate the energy loss effects particularly relevent at 
energies < 1 GeV. This concept easily explains the 11-year 
solar cycle variation of cosmic rays with maximum at sunspot 
minimum, and minimum intensity during sunspot maximum 
activity. The time lag observed between the maximum (peak) 
cosmic ray intensity and the minimum in solar activity has 
been utilised to estimate the size of the modulating region 
(D). Using sunspot number as the parameter to define solar 
activity, a lag of 9-12 months was found (Forbush, 1958) 
which corresponds to D^ 100 AU, a value which is of an order 
of magnitude greater than that obtained from many other 
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evidences. Various theoretical models have been proposed for 
explanation of the 11-year variation of galactic cosmic ray 
intensity. Elliot (1960,1962) has proposed a modulation 
mechanism which is applicable to the 11-year variation as 
well as to Forbush decrease. He has suggested that axially 
symmetric large scale current systems could exist at (5-15) 
solar radii in the corona and assumed that it would generate 
-5" -A 
an interplanetary field of 10 to 10 gauss. He has 
determined that cut off energy for galactic cosmic ray 
particles is not sharp because of scattering by 
inhomogeneities in the field beyond the earth's orbit. The 
outward motion of the plasma is assumed to be the source of 
inhomogeneities. According to this model, an outward 
displacement of the interplanetary field due to a general out 
flow of solar plasma during the period of enhanced solar 
activity would be the production mechanism for the 11-year 
variation. 
Parker (1958a) suggested that the interplanetary 
magnetic field frozen into the solar wind will tend to 
convect the cosmic ray particles radially outward at the 
solar wind velocity and establishes a positive radial density 
gradient. Due to the positive density gradient cosmic ray 
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pcllLlcles always dtllUBo into Lhe solar system Lht uuyh 
interplanetary maqnetic fipld nnd diffu'^ion, nhtain n ntondy 
state when the outward convection of particles is balanced by 
inward diffusion (Parker, 1958b,1963). This concept, now 
known as convection diffusion process,was first proposed by 
Morrison (1956). In a steady state condition, assuming 
spherical symmetry, the model qualitatively explains the 
eleven-year solar cycle variation. The convection diffusion 
theory (Morrison, 1956, and Parker 1958 b) has been modified 
by a number of workers (Gleeson and Axford, 1967,1968a, 
1968b, Fisk and Axford, 1968, 1969, Jokipii, 1967, Jokipii 
and Parker, 1967, 1968 and Skadron, 1967). On the basis of 
pioneering work done by Parker (1965 and 1966) taking energy 
losses and adiabatic deceleration into consideration. Using 
the spectrum measurements of protons, helium and electrons, 
it has been found that the convection diffusion theory, with 
the energy loss term included is successful in explaining the 
experimental observations for particles of energy 100 MeV. 
For a symmetrically expanding solar wind carrying 
with it magnetic field irregularities of uniform statistical 
distribution, the number density of cosmic ray particles 
(number of particles per unit volume) of energy E in a steady 
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s t a l e t\l any r a d i a l d is t .anf :e r f r otii t he sun is q i v e n by , 
R 
U (MEj^Uo^xt^ l^j^d-rt (1-4) k 
r 
where UQ is the number density at a radial distance 
R from the sun beyond the modulation region. Vp is the solar 
wind velocity and K is the isotropic diffusion coefficient. 
This model has been further improved by a number of 
workers taking into account of various other factors such as: 
(1) The adiabatic energy changed due to the non-zero 
divergence of the solar wind velocity (Parker, 1965, Glesson 
and Axford, 1967) . 
(2) Anisotropic diffusion due to the non fluctuating 
(average) compooent of IMF (Parker 1965, Axford 1965). 
(3) Relationship between diffusion tensor and the magnetic 
field power spectrum (Jokipii, 1966, 1967, Haselmann and 
Wibberentz 1968, Roelof, 1968). 
1.7.2 22- Year Variation : 
The existence of 22-year modulation of cosmic ray 
intensity is pointed out, using data of ion chamber and 
neutron monitors for about four solar cycles. The modulation 
consists of two discreate states (high and low intensities), 
each corresponding respectively to parallel and antiparallel 
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galactic magnetic field. The observed intensity difference 
between the two states is about 4.2 ± 0.2% for tieutron 
monitor (Pc= 1.5 GV). It has been pointed out by many 
researchers that some anomalous phenomena in the solar 
modulation of cosmic rays have been observed since several 
years after the solar maximum ( 1968). 
These phenomena were summarised by Nagashima,(1977) 
and interpreted as the result of the polarity reversal of the 
polar magnetic field of the sun, which occured in tfie period 
of 1969-1971 (Howard, 1974). The interpretation is based on 
the hypothesis that when polar magnetic field of the sun is 
nearly parallel to the galactic magnetic field, they could 
easily connect with each other, hence galactic cosmic rays 
could easily intrude more easily into the he!iomagnetosphere 
along magnetic lines of force, as compared with tfiose in 
antiparallel state of the magnetic fields. According to this 
hypothesis, one should observe also the 22-year variation in 
cosmic ray intensity because polarity reversal occurs around 
every solar maximum (Fig.19 ). 
1.7.3 Forbush Decreases : 
Forbush decreases (Fd) is essentially an isotropic 
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phenomena and is most recognisable member of the family of 
many short term cosmic ray decreases. Such decreases were 
first observed by Forbush (1938) in the ionisation chamber 
data. 
Forbush decreases are generally characterised by 
sudden decrease in cosmic ray intensity, with the total time 
of decrease varying between a few hours to a few days. 
Recovery, of the intensity to the pre-decrease level can last 
from a few days to a weak or more. Thus, in general, Fds have 
a rapid rate of decrease and slow rorovery. 
Generally, recovery of intensity following Fd 
follows exponential law with a time constant showing a 
variability from about a day to many weeks. This rate of 
recovery is not clearly associated with the magnitude of the 
initial decrease or with the associated continuing magnetic 
activity (Sandstrom, 1965, Lockwood, 1971, Kane, 1976). 
Several workers in the field have proved that it is a world-
wide phenomenon, appearing simultaneously at all latitudes 
atid longitudes. It could also be shown that it is closely 
associated with solar and geomagnetic disturbances. The 
magnitude of the decrease varies within very wide limits. 
Decrease of 15 to 20 percent of the total intensity has been 
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recorded. 
Forbush decrease usually occurs within 1-6 hours 
after the onset of a typical world wide geomagnetic storm on 
the earth (Bachelet et a1. 1960). However, the presence of 
magnetic storm is not always necessary. Although there is no 
definite relationship between the amplitude of the cosmic ray 
decrease and the magnitude of the geomagnetic field 
variations. 
Forbush decreases are characterised by a rapid 
decrease in cosmic ray intensity followed by a gradual 
recovery lasting several days. An association between the 
Forbush decreases and geomagnetic storm was identified in the 
earlier papers (Sandstrom, 1965 and Dorman, 1963). Magnetic 
storm were attributed to plasma clouds (compact objects 
composed of fully ionised plasma propagating away from the 
sun) by Lindeman (1919) and Chapman and Ferraro (1929). 
Alfven (1954) showed that a beam of plasma moving away from 
the sun would carry along magnetic field from the sun. Thus, 
it was natural to attribute the Forbush decreases to the 
interaction of cosmic rays with a "magnetic plasma cloud" 
depends on the configuration of the magnetic field in the 
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cloud. Morrison (1954; 1956) suggested that the magnetic 
( iold in a c k;U(J i;; tuibuhMiL. Ho at yuf.'iJ t.hal. uusfiiic fay;; 
would propagate into a cloud by diffusion, arid he explained 
the Forbush decreases as a consequence of the fact that the 
time to fill a cloud to propagate from the sun to 1 AU. 
Cocconi at al. (1958) and Gold (1959, 1962) suggested that 
the magnetic field in a cloud is ordered and rooted at the 
sun, forming a "magnetic- tongue" (Fig.20 ). They explained 
Forbush decreases as a consequence of scattering of cosmic 
rays by gradients in the magnetic field. The existence of 
shock waves in the solar wind was suggested by Gold (1955), 
and Parker, (1961) showed tfiat the ambient interplanetary 
magnetic field would be compressed and distorted by a shock, 
forming a shell of intense magnetic field. He argued tfiat 
Forbush decreases could be produced by the diffusion of 
cosmic rays through this shell (Parker, 1963). 
We have been discussing observations made near or 
within 1 AU. Interplanetary transients and Forbush decreases 
have also been observed beyond 1 AU. Flare associated socks 
observed by Pioneer 10 and Pioneer 11 were investigated in a 
series of papers (the reviews by Intri1igator, 1977, 1980, 
Smith and Wolfe, 1977 and 1979, Smith, 1983). Burlaga et al. 
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Fig .20 The early views of plasma clouds and poss ib le 
magnetic f i e ld configurat ion in the cloud, P a r k e r ' s 
picture(bottom) does not requi re the presence of 
a plasma cloud. 
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(1980, 1981) analysed multi-spacecraft observations flown 
within 2 AU. A large Forbush decreases observed at 16 AU by 
Pioneer 10 and at 7 AU by Pioneer 11, was discucsed by 
Vanallen (1979) and Pyle et al. (1979). Lockwood (1958, 1960, 
1971) noted the existence of long lasting Forbush decreases, 
in which the cosmic ray intensity is depressed for a month, 
and he suggested that they are an important part of the 11-
year variation. 
Since the study of the Forbush decreases does not 
form main part of the thesis, the subject has only been 
discussed briefly. 
1.8 Anisotropic (spatial) Variation : 
As the earth spins on its axis with a period of 
24 hours (1 solar day), the "asymptotic cone of acceptance' 
of a ground based detector corotates with the earth and scans 
a narrow belt in the interplanetary medium. The aniostropies 
of galactic cosmic radiation in the interplanetary medium 
will be observed by a ground based detector as a daily 
variation of cosmic ray intensity. Brunberg and Dattner 
(1954) were the first to attribute the diurnal variations 
observed at ground based detectors to an excess of cosmic ray 
particles arrivitig from asymptotic direction 1800 hours 
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local Lime. In addition to the ground based detector,shuch as 
neutron monitors and meson telescopes, the daily variation of 
cosmic ray intensity has also been studied by low energy 
detectors flown in high altitude balloons, rockets and 
spacecrafts and also by high energy underground detectors. 
The ground based detectors respond to primary cosmic ray 
particles of energies from 1.5 GeV to a few hundred GeV. On 
an avoraqo hasiR only thrno frofjnnnrioR o.q. otio ryr^ lo pnr 
day (or diurnal variation) two cycles per day ( or semi 
diurnal variation) and three cycles per day (or tri-diurnal 
variations) are observed. The harmonic components higher than 
three cycles per day in cosmic ray neutron monitor and meson 
monitor data have not been reported so far. The diurnal 
variation is found to be most dominant in comparison to the 
other two components. 
1.8.1 Diurrml Variation: 
The cFiaracter i st i cs of the diurnal atiisotropy from 
observations with ground based detectors was first discussed 
systematically by Dorman (1957). Later Rao et al. (1963) 
developed the method of variational coefficients for 
calculating the diurnal anisotropy characteristics in space 
from ground based observations of cosmic ray intensity. The 
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amplitude and hours of maximum of daily variation are 
obtained by harmonically analysing the 24- hours data 
recorded by ground based detectors. The first, second and 
third harmonics of Fourier expansion are obtained as diurnal, 
semi-diurnal and tri-diurnal variations respectively. The 
characteristics of daily variations are obtained by using the 
data of number of stations and by applying the correction for 
geomagnetic effects (Rao et al. 1963, Mc-Cracken and 
Rao,1965). 
From an extensive analysis of ground based neutron 
monitor data, from a large number of stations during (1954-
65) Rao et al. (1963) and Mc-Cracken and Rao (1965) have 
demonstrated that the yearly average diurnal variation 
observed at relativistic energies ( 1 GeV) can be expressed 
by a spectrum of the type. 
, Cos A JciTL K< P.mQV 
2L^) (1- 5) 
where A and ^j^are the amplitude and space direction of the 
maximum amplitude and R and CoslHiare the rigidity spectrum 
and latitude dependence of diurnal anisotropy, R is rigidity 
in GV, 7\ is the declination and Rmax is the upper cut of 
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rigidity beyond whicii t\\e diurrmi anisotropiiy does not exist, 
•^ afjd vl/Qare space dhocLloiiM rtioaaut «K1 «rt»L ol Lho (uiii «mt Lh 
line. They summarised that the average diurnal anisotropy has 
following characteristics. 
(a) Rigidity independent ^ ^ = o)in the rigidity range 1-100 GV. 
(b) Varies as cosine of declination. 
(c) Amplitude of the anisotropy;^ 0.38+ 0.02 %. 
(d) A maximum flux is incident from 89 i 1.6 east of the 
sun-earth line, i.e. 1800 hour local time. 
The observations of many other investigators 
(Pomerantz et al. 1960, Kane, 1964, Willets et al. 1970) are 
found to be in good agreement with these findings. Both the 
long-term and short-term ciianges occur in the diurrmi 
variation. The amplitude and phase of the diurnal anisotropy 
change with a period of one or two solar cycle (Pomerantz and 
Duggal, 1971, Rao, 1972, Agrawal and Singh, 1975, Kumar, 
1978) . 
Ahluwalia and Dessler (1962) gave a theory for 
diurnal variations, according to which the spiral nature of 
IMF gives an electric drift resulting into a net streaming 
perpendicular to gardon-hose angle. Stern (1964) showed that 
such a streaming would be exactly neutrilised by an equal and 
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opposite streaming due to density gradients. 
Parker (1964) suggested that there were 
irregularities in the IMF beyond the earth's orbit, the 
density gradient would be mostly wiped out and a streaming 
could be obtained due to corotation of cosmic rays with the 
sun. 
Axford (1965) treated the problem by assuming 
^general irregularities superimposed on the average pattern of 
IMF and showed that the streaming of cosmic ray by these 
would lead to a corotation with the sun. Both these models 
lead to a diurnal variation of amplitude 0.4% with an hour of 
maximum in the 18 hours direction. This is in agreement with 
the average pattern of experimentally observed diurnal 
variation, but certainly not With its large day to day 
fluctuations. 
All the features of the diurnal variation, can not 
be explained on the basis of the existing models. Our 
results,discussed in this thesis, may provide some help and 
clues in developing the theoretical models. 
1.9 Modulation Processes: 
The current theory for cosmic ray behaviour in the 
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heliosphere was developed almost 15 years ago (Parker, 1963, 
1965; Gleeson and Axford, 1967) and has undergone numerous 
refinements since than (Glesoon and Axford, 1968; Jokipii and 
Parker, 1970). The basic ideas behind this theory can be 
simply stated relatively. The solar wind flows outward from 
the sun in all directions. It carries with it a frozen-in 
magnetic field. The cosmic ray particles are charged and thus 
interact with the magnetic field. The solar wind, then tends 
to sweep galactic cosmic rays out of the heliosphere, or 
equivalently the cosmic rays must fight their way upstream 
against the outward flow of the wind. Not all the cosmic rays 
successfully make this track, with the result that the cosmic 
ray flux seen in the inner heliosphere is lower than that in 
the interstellar medium and if we vary conditions in the 
heliosphere the cosmic ray flux will change in time. However, 
within these relatively simple statements are contained some 
fairly complicated and, in some cases, some fairly subtle 
physics. 
The transport of galactic cosmic rays in the 
interplanetary magnetic field is the consequence of four 
basic effects, such as, diffusion through the magnetic 
irregularities, effects due to the large scale magnetic 
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field, convGctioti with the solar wind and cooling duo to tfio 
oxputiiilon o( IJm wind. 
(I) Diffusion through the magnetic irregularities : 
The magnetic field in the solar wind contains small 
scale irregularities. These are the Alfven waves, perhaps 
some magnetosonic waves and other fluctuations. In some cases 
these irregularities have scale size comparable to the 
gyrorndll of th(> coyiiilc tny;;, with the result that the (;u;',riiic; 
rays are scattered. It is also possible for the particles to 
be scattered or to propagate by other means, in a random 
fashion, in a direction normal to the mean magnetic field 
(Jokipii and Parker, 1969). 
We normally describe the effects of this scattering 
as a diffusion process. In other words, the cosmic ray 
differential streaming (S) (number of particles crossing unit 
area in unit time per unit energy) is proportional to the 
gradient of the cosmic ray differential number density (U), 
S= -T. yu (i) 
where the proportionality factor k is the diffusion tensor. 
The scattering process is not isotropic. It is 
generally much easier for particles to move along a magnetic 
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field than to move across the field. Equivalently, it is much 
easier to relieve gradients along the magnetic field. Thus,kjj 
the element of the diffusion tensor which describes 
propagation along the mean magnetic field direction is 
generally much larger than ki the diffusion coefficient for 
propagation normal to the field. 
In principle, we should be able to calculate kn and 
ki. directly from the magnetic field observations, at least 
for conditions near earth where detailed field observations 
can be made. Unfortunately, despite many years of study, an 
accurate determlriat Ion of k||arid ki still eludes us. It Is not 
clear wheather current theory for energetic particle 
propagation contains some subtle error, or whether we simply 
do not have an adequate understanding of the properties of 
the waves in the solar wind which are responsible for 
particle scattering. In any event, the theory for relating 1<" 
directly to the magnetic field properties is not currently in 
good shape (Fisk, 1979). Of course, we can always estimate TT 
from the behaviour of the galactic cosmic rays, or from the 
behaviour of solar energetic particles. 
II. Effects due to the large - scale magnetic field : 
Since particles move along the magnetic field is easier 
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than tfiey do across, the orientation of the field Is 
important in mndnlntion r.tuH i C^B . Thp Bnlrir wind blown rndinlly 
outward from the sun in all directions, and carries the solar 
magnetic field with it as a passive partner. The field, 
however, remains attached to the rotating sun, with the 
result that the field executes an Archimedes spiral pattern. 
The spiral is tightest in the equatorial plane of the sun, 
where the rotational effects are most important. However, as 
we increase in latitude the spiral becomes less tightly 
wound, and, in fact, the field becomes radial over the solar 
poles. The orientation, then and also the magnitude of the 
magnetic field in the heliosphere varies systematically with 
radial distance and latitude. 
Consider now the propagation of cosmic rays in the 
heliocentric radial direction. A measure of this radial 
transport is the radial diffusion coefficient kjt, . A large 
value of k)^ implies that a radial gradient can easily be 
relieved, i.e. that particles can propagate easily in the 
radial .direction. Radial motion is of course a combination of 
motion along and across the magnetic field, and it can be 
shown that (Parker, 1967). 
k-jv = l<i|Cos^ (J)+ klSin^(^ (ii) 
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where cfc) Is the angle between the mean magnetic field 
direction and the radial direction. 
Another effect associated with the large scale 
field, which may be important, is gradient and curvature 
drift. The orientation and magnitude of the magnetic field 
vary with radial distance and latitude. Thus, particles may 
undergo systematic drifts in this field. This process has 
been treated in detail in recent years by J.R.Jokipii and 
E.H.Levy and their associates (Jokipii et al. 1977; Isenberg 
and Jokipii, 1979; Jokipii and Kopriva, 1979). 
The direction in which particles drift depends on 
the polarity of the magnetic field; if the polarity is 
reversed, particles drift in the opposite direction. At least 
in solar minimum conditions, the heliospheric magnetic field 
appears to be divided into two regions of relatively uniform 
polarity (Smith et al. 1978). The northern hemisphere of the 
heliosphere has the same polarity as the north pole of the 
sun; the southern hemisphere the polarity of the southern 
solar pole. The two regions are divided by a warped current 
sheet that lies near the solar equatorial plane. In the 
current epoch, the polarity is such that positively charged 
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particles drift from the poles to the equator in both 
hemispheres. 
However, the polarity of the solar magnetic field 
changes approximately every 11-years, and with it the 
polarity of the heliospheric field and direction of the 
particle drifts also change. Eleven years ago positively 
charged particles drifted not from the poles to the equator 
but rather from the equator to the poles. We might expect, 
then, as a result of drift effects, that the overall 
behaviour of the modulation in the heliosphere could be 
substantially different in succeeding solar cycles. 
It should be noted, however, that drift effects are 
at present somewhat of controversial subject. If the 
heliospheric magnetic field can be described as an 
archimedean spiral on which are superimposed small amplitude 
fluctuations, the treatment of Jokipii and Levy is certainly 
correct. However, the fluctuations in the field are quite 
large and perhaps have systematic properties of their own, 
which could mitigate the drift effect. 
III. Convection with the Solar Wind : 
The third physical effect that is important for 
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modulation, and probably the simplest, is convection. The 
speeds of the waves which scatter the particles and cause 
them to diffuse are very much less than the solar wind speed. 
The waves are thus convected outward with the solar wind, and 
inturn tend to convect the cosmic rays out of the 
heliosphere. Indeed, it is the effect which gives rise to the 
modulation. Neither of the two previous effects, diffusion 
or drift, would by themselves cause a reduction in galactic 
cosmic ray intensity in the inner heliosphere. 
IV. Cooling due to the Expansion of Wind : 
The final effect of importance for the modulation 
problem is particle energy changes. The magnetic field 
irregularities which scatter the particles are being 
convected outward with solar wind, and thus are moving. The 
particles, then, are interacting with moving irregularities, 
and they suffer energy changes in the process. 
This energy change process is one of the more 
subtle effects in modulation theories because we can think 
of it in two contradictory ways. The cosmic rays, as far as 
the solar wind is concerned, are a highly mobile gas which 
exert a pressure. And since there are more cosmic rays in the 
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interstellar- medium then in ttie inner heliosphere, this 
pressure has a positive qradient. The solar wind, then which 
blows outward, does work against this pressure gradient and 
imparts energy to the cosmic rays. However, as far as the 
cosmic rays are concerned, they find themselves in an 
expanding medium. The solar wind blows radially from the sun, 
and thus diverges or expands as it goes outward. The cosmic 
rays, which rattle around in the wind, shall expand along 
with it, and they are adiabatical1y cooled (Parker, 1965). 
Of course, even in cosmic ray physics we are 
required to conserve energy. We cannot have the solar wind 
doing work on the cosmic rays everywhere in the heliosphere, 
and the cosmic rays losing energy. The difficulty being that 
there is a population of cosmic rays we have forgotten. Some 
fraction of the cosmic rays does not really penetrate into 
the heliosphere. Upon encountering the solar wind they are 
immediately reflected back into interstellar space. These 
particles do not experience an expanding wind; they simply 
experience a wind coming to them. They are reflected by an 
on-coming wall and gain energy in the process, if we add the 
energy gained by these latter particles to the energy lost by 
the particles in the expanding wind, we find that this equals 
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l.lin w o t K ili)nn uii l\\^^ n xiiii i i, iny;\ l)y I,ho n o i n t wititl, niul 
energy is properly conserved. 
Ilnwovnr, FIR fpir OR wo P<ro rnnror narl atxiiit 1,hn 
earth, which is a long way from the expected boundary of the 
heliosphere at 50AU from the sun, we need only be concerned 
about the particles, which are in the expanding wind and 
being cooled. The particles which make only one interaction 
near the edge of the heliosphere never reaches us. The energy 
loss by the particles that reach the inner heliosphere is in 
fact not trivial. It is estimated to be several hundred MeV 
and it has the consequence that low energy particles seen 
near the earth, e.g. tens of MeV/nucleon, had energies 
hundred of MoV in t.fm i(U,ot Rtol Inr medium . Irideod, wo do not, 
observe the particles which had low energies in the 
interstellar medium. These particles are excluded by the 
modulation process (Goldstein et al; 1970; Gleeson and Urch, 
1971 ). 
The effects of the four basic processes which are 
important for modulation can be described by the following 
equation: (Parker, 1965, Gleeson an Axford, 1967), 
^U. - Vc5'^Uj^VD'VU-^'Cyoj + '2^A(^^,ca)—- (i-6) 
n 
This equation desscribes the behaviour in the 
heliosphere, of the cosmic ray differential number density U 
(number of particles per unit volume and kinetic energy E). 
Ihe (list tetm on Lhe right !;and side describes the rnLc? ol 
change in U with respect to time t that results from 
diffusive effects. It includes the influence on the diffusive 
transport of the orientation of the large scale magnetic 
field in the heliosphere. The second term discribes the drift 
motion of particles in the large scale magnetic field; here VQ 
is the mean drift speed. The third term describes the effects 
of convection; V is the solar wind velocity. Finally the last 
term on the right describes the effects of the adiabatic 
cooling. The divergence of V determines the solar wind 
expansion which is responsible for the colling; 
ol^ = ( E+ 2Eo) / (E + Eo ), where EQ is particle rest energy. 
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2.0 Introduction: 
The primary cosmic ray particles are affected by 
geo-magnetic field before they interact with the earth's 
atmosphere producing the secondary particles which are 
detected by various ground based and underground detectors. 
At the top of the atmosphere, primary cosmic rays interact 
with the air nuclei and produce mesons and nucleons which are 
the main constituents of secondary particles, these secondary 
particles are very sensitive to meteorological variations, 
i.e., pressure and temperature throughout the atmosphere. It 
is very essential to relate the observed secondary variations 
to variations in the primary cosmic ray intensity. 
The effect of changing meterological conditions on 
cosmic ray variation has been studied quite extensively both 
theoretically and by employing well known correlation 
technique between the observed cosmic ray intensity 
variations and meterological parameters. A comprehensive 
review of the atmospheric effects has been given by 
Bercovitch (1967). Essentially two major corrections are to 
be applied to the cosmic ray data. The first one is to 
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correct it for barometric effect, and second is to correct for 
the temperature effect. 
The earlier observations have clearly indicated that 
the neutron intensity at the ground is significantly affected 
by pressure variations, where as the temperature affect for 
nucleonic component is very small. However, it may not always 
be negligible. Since the neutron intensity measured by 
neutron monitors, results due to neutron production in the 
monitor by nucleons as well as mesons. The temperature effect 
for neutron component has been worked out by Kaminer et al. 
(1964). The atmospheric effect i-elated to neutron monitor has 
been reviewed by Hatton (1971). 
The study of periodic variations, such as diurnal, 
semi-diurnal, 27-day variation, 11-year and 22-year variation 
in the field of cosmic ray. Ionosphere, Mateorology, 
Astronomy, Solar physics and Bio-physics is very important 
and useful from various point of views, such periodic 
variations can be, comfortably, represented by the Fourier 
series and their amplitudes and phase can be determined with 
the help of Harmonic analysis (or Fourier Analysis) (Yadav et 
al. 1973). In this chapter, we shall try to discuss, how the 
harmonic analysis can be used to determine the amplitude and 
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phase of various periodic variations, particularly daily 
variation in the cosmic ray intensity. 
2.1 Trend-Correction : 
In many cases, particularly in cosmic rays, the 
phenomenon whose variation (daily variation) is to be studied 
is not strictly periodic. If the data (numbers) to be 
analysed represent hourly means of cosmic ray intensity, the 
mean for 0th hour is not same as mean for 24th hour (Fig.1 ). 
This difference, which is on account of secular change etc, 
is removed in practice by applying a correction, generally 
referred as the trend correction (Yadav and Naqvi, 1973) to 
each of the terms (i.e.24-ordinates) except that for noon. 
To correct the data let us consider the function 
Y-f(x). Let Yo is the value of the ordinate at X = 0 (0th-
hour) and Y2(,is the value of the ordinate at X = 2 7^  (24 hour) 
in case of hourly data. It is found that the value of Yo is 
not equal to Yj^due to the secular changes etc. 
Let Y^ = represents the trend corrected value 
at x=2 n k/24 
Y^ ^ = represent uncorrected value then the 
trend corrected value for any hour is given by the equation. 
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2 ^ (2 —-1 ) 
Where k = 0, 1,2,3 24 
+^§Y= secular change (i.e.+§Y = "^2^' Yo) 
Thus the data obtained after applying the trend correction 
for secular change is subjected to harmonic analysis. 
2.2 Harmonic Analysis : 
Any single valued, periodic, continuous and finite 
function can be expressed by a Fourier series of the type 
Y= f(x) = ao +21 a-h Cos nx +^b'riSin nx (2 2) 
This function is periodic and has the period 27k and ao,aj, 
a2...-bi I b2., ba are called the Fourier coefficients and 
are independent of x. 
The process of determining the fourier coefficients 
(i.e. the values of a^  , aj , a2. bi, b2_, bj . . . . ) of a given 
function is called HARMONIC ANALYSIS (Or Fourier analysis). 
According to Perry (1898) and with the help of trigonometric 
formulae the coefficients a^, a^,....av^ b^ , b2.. • . • b>^ of above 
equation are given as: 
\ 
°^ = J 
- j jWd^^^i jlciK. 
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Let us expand the above series as 
Y = f(x)= ao+ ai. Cosx + a^Cos 2x + a>iCos(n-1)x + 
bj^ Sinx + b2,Sin 2x + bY\Sin(n-1)x (2 3) 
To determine the Fourier coefficients, we will make 
use of the experimental data, which we have in our hand and 
this data is more than the total number of Fourier 
coefficients to be determined. 
2.2.1 Application of Harmonic Analysis to Cosmic Rays: 
The method of harmonic analysis is a very useful 
tool for the study of solar diurnal, semi-diurnal etc. 
variations in the cosmic ray intensity as well as other 
branches of physics such as ionosphere, solar physics and 
biophysics. 
In the study of diurnal and semi-diurnal 
variations, our main interest is to determine their 
amplitudes and phases. These amplitudes and phases can also 
be represented by a vector diagram (known as 'harmonic dial') 
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to study their nature and other behaviours during different 
periods etc. 
Thus Fourier coefficients, or we can say the 
amplitudes and phases of the first and second etc. harmonic 
components can easily be determined with the help of a 24-
ordinate scheme. 
2.2.2 Twenty-Four Ordinate Scheme : 
In this scheme we have a set of 24 values of Yo, Y;j^  
.Yj^.... Y23 corresponding to, 
X = o , "'^ /12, 27^/12, 23 7r/12 
The coefficients a^ ,, a^, a^ ^ a^.,bj^, b^^ 
b \\ of the Fourier series can be calculated with the help of 
the computer programme given in sec 2.3 . 
2.2.3 Amplitude and Phase of Harmonic Components: 
With the help of the sine and cosine components the 
amplitude and phase angles can be determined by the following 
relation: 
a^ = Ak, Coscf.^ ^ 
b;^  = A K Sin {j>^  
Ak = ]^i:^ bit 
d^^^ tan'( bic/a^) 
where Au and (bv are the amplitudes and phase of the MW 
harmonic component for K = 1, 2, 3, .... etc., we have the 
first, second and third harmonic etc. In determining the 
value of c|>v;it is necessary that the correct quadrant be 
determined. In which quadrant, the value of (h\^ lies, 
depends upon the signs of a|<^ and bv^  . The connection between 
the signs of ay. and b^ ^ is shown in table 1. Let cj)j^  is 
defined in terms of YK^^P^'^'^^'^9 °'^^ ^^^ sign of ay^ and b^ by 
means of table 2. 
2.3 Computer Programme: 
To calculate the amplitude and phase the diurnal 
anisotropy the following computer programme has been used. 
10 DIM DI(60,5) ,DA(60,25) ,DAT(60,24) ,DAV(60) ,SUMA(4), 
SUMB(4) ,C(4,24) ,S(4,24) ,A(4,60) ,B(4,60) ,R(4,60) 
T(4,60) ,PHA(4,60) , CF(4),CGB(4) 
20 N=:60 
30 GGLN = -77.5'* 
40 CF(1)=.8447 
50 CF(2)=.7347 
60 CF(3)=1 
70 CF(4)=1 
80 CGB(1)=34.95 
90 CGB(2)=35.85 
100 CGB(3)=0 
110 CGB(4)=0 
120 FOR L =1 TO 4. 
130 FOR K =1 TO 24 
140 PI=3.141 
150 C(L,K)=COS(15*L*K*PI/180) 
160 S(L,K)=SIN(15*L*K*PI/180) 
170 NEXT K 
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180 NEXT L 
190 LPRINT TAB(40):"COMMFNTS: DFFP RTVFR NEUTRON MONITOR." 
2UU LPIUNl 1AB(4U); " QUILI NO.OI OAYS 00 . " : Lt'in N I : LPRIN I 
? 1 f) f f)M I 1 i n tJ 
220 SUM=0 
230 FOR J=1 TO 5 
240 READ Did,J) :LPRINT DI(I,J); 
250 NEXT J 
260 FOR K=1 TO 12 
270 READ Did,J) rLPRINT DI(I,J); 
280 SUM=SUM+DA(I,K) 
290 NEXT K 
300 LPRINT 
310 LPRINT TAB(19); 
320 FOR K=13 TO 24 
330 READ DA(I,K) :LPRINT DA(I,K); 
340 SUM = SUM+DAd,K) : LPRINT DA(I,K); 
350 NEXT K 
360 SUM=SUM/24 
370 LPRINT SUM;I 
380 LPRINT TAB(19); 
390 READ DA(I,25) : LPRINT DA(I,25) 
400 GT=GT+SUM 
410 YAV=GT/(N) 
420 NEXT I 
430 LPIRNT "YEARLY AVERAGE VALUE="; 
440 LPRINT YAV 
1060 FOR 1=1 TO N 
1070 FOR K= 1 TO 24 
1080 DATd,K) =DA(I,K)-(DA(I,25)-DA(I,1 )*(K-l)/24 
1090 DAV(I)=DAV(I) +DAT(I,K) 
1100 NEXT K 
1110 DAV(I)=DAV(I)/24 
1120 NEXT I 
1130 LPRINT "ANISOTROPY VECTOR IN SPACE & IN LT." 
1140 FOR L=1 TO 24 
1150 LPRINT "A(";L")";TAB{22);"B(";L;")";TAB(42);"R(";L")";TAB(62); 
"P("L")";TAB(82);"I(";L;")";TAB(10 2);" r' 
1 160 FOR 1 = 1 TO N 
1170 FOR K=1 TO 24 
1180 A(Ld)=A(L,I)+DAT(I,K)*C(L,K) 
1190 B(L,I)=B(L,I)+DATd,K)*S(L,K) 
1200 NEXT K 
1210 A(L,I)=A(L,I)*100/(12*DAV(I) ) 
1220 B(L,I)=B(L,I)*100/(12*DAVd) ) 
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12 30 IUL,1)=:SQIUA(L,1 )~24B(L,1 ) 2) 
1240 R(L,I)=R(L,I)/CF(L) 
1250 PHA(L,I ) = (ATN(ABS(B(L,1))/ABS(A(L,l))))*180/3. 141593 
1260 IF A(L,I) > = 0 AND B(L,I) >= 0 THEN PHA(L,I):GOTO 1300 
1270 IF A(L,I) <0 AND B(L,I) > = 0 THEN PHA(L,I)=180-PHA(L,I):GOTO 1300 
1280 IF A(L,I) <0 AND B(L,I) <0 THEN PHA(L,I)=180+PHA(L,I):GOTO 1300 
1290 IF A(L,I) > =0 AND B(L,I) <0 THEN PHA(L,I)-360-PHA(L,I):GOTO 1300 
1300 PHA(L,I)=PHA(L,I)+GGLN+CGB 
1310 T{L,I)=PHA(L,I)/(15*L) 
1320 LPIRNT AL,I);TAB(20);B(L,I);TAB(40);R(L,I);TAB60); 
PHA(L,I) ;TAB(80);T(L,I);TAB(100);I 
1330 SUMA(L)=SUMA(L)+A(L,I) 
1340 SUMB(L)SUMB(L)+B(L,I) 
1350 NEXT I 
1360 RA ( L ) ::SQR ( SUMA ( L)'' 2+SUMB ( L ) ^  2 ) 
1370 RA(L)=RA(L)/CF(L) 
1380 PHAF(L)=:(ATN(ABS(SUMB(L) )/ABS( SUMA ( L ) ) ) )* 180/3. 141593 
1390 IF SUMA(L) > =0 AND SUMB(L) > =0 THEN PHAF(L)=PHAF(L):GOTO 1430 
1400 IF SUMA(L) <0 AND SUMB(L) > =0 THEN PHAF(L)=180-PHAF:GOTO 1430 
1410 IF SUMA(L) <0 AND SUMB(L) <0 THEN PHAF(L)=180+PHAF(L):GOTO 1430 
1420 IF SUMA(L) > -0 AND SUMB(L) <0 THEN PHAF(L)=360-PHAF(L):GOTO 1430 
1430 PHAF(L)=PHAF(L)+GGLN+CGB(L)*L 
1440 TF(L)=PHAF(L)/(15*L) 
1450 LPRINT SUMA(L);TAB(20);SUMB(L);TAB(40);RA(L);TAB(60); 
PHAF(L) ;TAB(80);TF/L) 
1460 LPRINT:LPRINT 
Tablz 1 
\ ^ 
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LONG TERM VARIATION IN COSMIC RAY ISOTROPIC AND ANISOTROPIC 
COMPONENT OF COSMIC RAY INTENSITY 
3.0 Introduction: 
The galactic cosmic radiations (GCR) is considered 
isotropic outside the heliosphere. The continuous outward 
flow of the solar wind, shocks and frozen-in magnetic field 
produces time variations of cosmic ray intensity of different 
periodicities 22-years, 11-years, 27-days, 24-hours and 12-
hours. 
More recently the variations of cosmic ray 
intensity have been studied using neutron monitor at sea 
level and at mountain altitudes. Instruments borne on 
balloons and setellites are being used to detect directly 
the low energy radiation and determine their secular 
variation (Webber, 1967). The systematic study of the time 
variations of relativistic cosmic rays started almost about 
50 years ago using ground based detectors. The ground based 
observations and insitu-space observations of cosmic ray 
intensity and its anisotropies and their relationship with 
other interplanetary parameters provide the base to 
understand the variational characteristics of the cosmic ray 
intensity. Variability is a basic property of galactic cosmic 
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rays, which are observed in the heliosphere. Temporal changes 
are observed on all time scales that have been studied and at 
nil dir>l,nncoa thnt, hnvo l)oon oxplt-ii (MI (niiiln()f\, inn.l). 
The aim of the modulation research at present is to 
identify the detailed physical mechanisms that are 
responsible for modulation. The cosmic ray variations 
recorded by the earth-based detectors actually refer to the 
secondary cosmic rays which are produced by the interaction 
of the primary cosmic rays with the air nuclei (mainly C, N 
and O ) in the earth's atmosphere. Before entering into the 
earth's atmosphere, cosmic rays pass through the earth geo-
magnetic field and hence the earth (or ground) based data is 
first corrected for the geo(nagnetic and atmospheric effects 
to get the variational characteristics of the cosmic rays in 
the interplanetary space. 
More than four decades have been passed since the 
ground based continuous observations of cosmic ray intensity 
were started by Forbush and also almost two decades have been 
passed since the initiation of satellite experiments. We are 
now in a position, which enables us to discuss the long term 
modulation of cosmic rays in the heliosphere, such as the 
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11-year arid 22-year variatioris. Mat^ y papers have been published 
concerning the modulation and much progress has been made 
experimentally and theoretically to understand the cause and 
mechanism of the modulation in the heliosphere (Moraal, 
1976). Long term modulation depends on: 
1. The transport of galactic cosmic rays in the 
interplanetary magnetic field. 
2. The large scale modulation effects which propagate out-
ward from the sun with the speeds order of solar wind and 
of radial shocks in the interplanetary medium. 
3. The local interplanetary conditions which affects the 
long-term (or 11-year) modulation. 
4. The global structure and topology of the heliosphere. 
5. The phase of the solar modulation cycle i.e., whether 
the intensity is decreasing or recovering. 
6. The modulation effects which propagate outward in the 
inner heliosphere. 
7. The superpose effects of large propagating shocks or 
other disturbances in the solar wind. 
8. The superposed effect of large nuttiber of intense shocks. 
9. The accumulative effect of many episodic decreases (Mc-
Donald et al. 1981). 
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according to the Zurich numeration form a whole i.e. the 
22-year cycle of the solar activity. Therefore one can not be 
separated from the other. This is why the secular and super 
secular cycles of the solar activity must necessarily begin 
with an even 11-year and must end with an odd 11-year cycle. 
Cyclic changes are characteristics of solar 
activity. The basic cycle is the 11-year cycle. The law 
discovered by Hale and Nicholson (1925) concerning the change 
of magnetic polarity of the bipolar groups at the beginning 
of each 11-year cycle proved the existence of the 22-year 
cycle. 
Taking into consideration of the existence of the 
22-year cycle, we believe that it may effect the cosmic ray 
intensity into the helio-sphere and will produce 22-year 
variation in cosmic ray intensity and also in cosmic ray 
ani sotropy, 
Neutron monitor data are now available covering 
four minima in the solar activity cycle, including the most 
recent minimum in 1987 (Fig.1), when the cosmic ray 
intensities measured at the earth are at their maximum. 
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Almost complete coverage of two 22-year cycles in cosmic ray 
modulation has been obtained by the neutron monitors. 
The 11-year modulation of cosmic rays, in anti-
correlation with the 11-year solar activity cycle, is well 
established, although its origin is not fully understood. In 
addition to this 11-year cycle, there are various features 
which indicate that a 22-year periodicity in this modulation 
is also important . Among the most important features that 
seem to have a 22-year periodicity (in addition to an 11-year 
periodicity) are: 
1. the diurnal variation (Thambyahpi11i and Elliot, 1953); 
2. modulation effects that depend on the sign of the particle 
charge and are different in successive 11-year cycles 
(Garcia-Munoz et al. 1986). 
Now the cosmic ray modulation is an experimental 
fact, but we do not yet understand exactly how and where this 
modulation occurs. To solve this riddle the long term changes 
(22-years/11-years) in the isotropic and anisotropic 
components of the cosmic ray intensity have been studied, 
both theoretically and experimentally along with the polarity 
reversal of the sun's magnetic field and other solar 
controlled parameters that effect the interplanetary medium. 
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For this purpose, it is essential to study the long term 
variation in the isotropic and anisotropic component of the 
cosmic ray intensity during different solar activity cycles 
and observe the significant changes from one cycle to 
another, which might be related some way or the other to the 
conditions in the interplanetary space. 
The anti-correlation between sunspot number and 
cosmic ray intensity was first shown by Forbush (1954). Since 
than a number of studies have been done in order to study 
this anti-correlation but none of them is able to explain all 
the observed features (Venkatesan et al. 1990). For this 
purpose a number of solar interplanetary parameters have been 
utilised by different workers as the representatives of solar 
activity. Nagashima and Morishica (1980) used the sunspot 
number to study the long term variations in cosmic ray 
intensity. While Hatton (1980) and Bowe and Hatton (1982) 
used solar flare number as representatives of solar activity. 
Lockwood and Webber (1984) were able to reproduce 
long term modulation by considering number of large (> 3%) 
Forbush decreases observed during solar activity cycles. 
Sharma and Yadav (1991) have shown that accumulative effect 
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of Forbush decrease is not the only cause for producing the 
long term variation in cosmic t ay ir)tensity, as suygessted 
earlier in several papers, but in addition to this some other 
mechanisms are operating in the inner/outer heliosphere may 
be responsible for solar modulation of cosmic ray intensity. 
Akasofu et al. (1985) fiave made a detailed study of the long-
term variation by considering a number of parameters 
representing the solar activity index. 
In order to understand the 22-year modulation of 
galactic cosmic rays related to the polarity reversal of the 
interplanetary magnetic field (IMF), many people have solved 
the diffusion convection equation numerically in two 
dimensional heliosphere including the drift effect (Jokipii 
and Davila, 1981, Potgieter and Moraal, 1983, Nagashima and 
Munakata, 1983). Kota and Jokipii (1983) have solved it in 
full three dimensional heliosphere which has a wavy neutral 
sheet. 
Since the cosmic ray modulation is produced by 
solar magnetic fields which are carried out into the 
interplanetary space by the solar wind and hence the nature 
of the long term modulation of cosmic ray intensity is 
GxpQctod to dopend upon tho point i ty of tho r.olar f)ololdnl 
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solar activities. It has been recogfrised that the modulation 
characteristics are quite different from one sunspot cycle to 
another. 
Results of the analysis of continuous data from 
ground based detectors as well as from near the earth 
setellites and deep space probes particularly since 1969-70, 
have in the last few years, changed our ideas radically 
regarding the nature of the heliosphere. Infact the 
heliosphere is now viewed in the context of planetary 
magnetosphere, where the planet is replaced by the sun and 
the solar wind by stellar wind with a realistic solar 
boundary reasonably far off ( -?i:100 AU) from the sun 
(Krimigis, 1981). 
Many observations have been reported regarding the 
solar diurnal anisotropy by Swinson (1979), Mori et al. 
(1981), Agrawal (1983), Yadav et al. (1991). 
The present chapter deals with the study of long-
term variation in isotropic as well as in anisotropic 
component of the cosmic ray intensity for the period 1963-87 
which includes the solar cycles 20 and 21. Our results are 
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based on the data of Deep-River (cut of rigidity Re = 1.02GV, 
latitude y\ -46.10 N ) npiitrofi morntcir. r)h<^ ot v"d ro^ uli'-; nro 
R i yn I r 11 nnl in IPI IM'^. d Itir^  i lu'T> d i IH'MI'-i < >II mod'"'! "l l.lin 
he!iosphere. 
3.1 Isotropic Variations: 
3.1.1 Average time profile of the long-term variations : 
To study the 11-year and the 22-year variations of 
cosmic ray intensity, we have plotted the annual average 
values of the pressure corrected neutron monitor data from 
1954 to 1989 which includes solar sunspot cycles 19,20 and 21 
(Fig.2). The counting rate has been arbitrarily normalised to 
100 for the year 1965, at the time of maximum cosmic ray 
intensity associated with the 1965, the year of solar 
activity minimum. 
The purpose of this plot is to identify and study 
the differences in the nature of the cosmic ray intensity 
variations from one solar cycle to another (i.e. cycle 19,20 
and 21), particularly in the average time profile and to 
point out the similarities and disimi1arities in the profile 
of cosmic ray intensity and the magnitude of the variations 
recorded by different stations plotted in Fig. 2. 
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The average behaviour of the cosmic ray intensity 
was also studied, using the data of Deep-River neutron 
monitor', iti two dilferent soint cycles (2U and 21), on the 
quiet and disturbed days and on the days with and without 
Forbush decreases (Fig. 3). 
Fig.4. shows that the 11-year modulation of cosmic rays 
is in anti-correlation with the 11-year solar sunspot activity 
cycle. Though it is an established fact ( Forbush, 1954 ), 
but its origin is still not fully understood. It was observed 
that minimum (or maximum ) of cosmic ray intensity occurs 
after every 11-year, but the time profile of the variations 
of cosmic ray intensity is significantly different from one 
solar cycle to another as shown in Fig.2 . Such results were 
also observed on other latitudes and during different types 
of days (Fig.2 and 3 ). 
Several new features of the individual 11-year 
solar modulation cycles are discussed here, which illustrate 
the importance of a well known 11-year and 22-year modulation 
cycles. 
First, there are sharply peaked maxima of cosmic 
1U 
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of s u n s p o t n u m b e r ( F i z . ) . 
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ray intensity in 1987 (cycle 21) similar to that observed 22-
years eat 1 ior in 1905 (t;yf:le 19) in cent t,ran t, to tiio f lat.tor 
maxima noted during (1972-77) cycle 20 and earlier in (1952-
54) cycle 18 after 22 years, as reported by Webber et al. 
1988; Cooper et al. 1979 (Fig.5 ). It is also observed that 
neutron monitor intensity is 1.87% higher at the time of 
1987 and 1965 maxima as compared to the flat maxima of (1972-
77) period, thus the systematic differences in the over all 
shape of successive 11-year modulation cycles and 
similarities in the shape of alternate 11- year cycles are 
noted. These observation indicate that there is a 22-year 
modulation cycle due to the polarity reversal. Thus profile 
of cosmic ray intensity variation is significantly different 
in even and odd cycles. 
The data plotted in Fig.2 also reveals that the 
cosmic ray intensity recovers very slowly (in 6-7 years) 
during the odd solar cycle (cycle 19 and 21) while the 
recovery takes place fast (in about 2 years) for the even 
solar cycle 20. The slow recovery during odd cycle 19 and 
fast recovery during even cycle 20, is further emphasised in 
Fig.3. 
Fig. 2 also reveals that magnitude of the cosmic 
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ray modulation is large during odd solar cycles 19 and 21, 
than the even cycle PO (Table 1). Thn rnnqniturin of thn ronrnic 
ray modulation is calculated by the formula given as: 
1 HIM". Imin 
magnitide of C .R .modul ation (%) = x 100 —(3-1) 
(Imax+Imi n) 
2 
where, Imax = the maximum cosmic ray intensity 
Imin = the minimum cosmic ray intensity. 
Such an odd-even solar cycle asymmetry related to 
solar poloidal field reversal and the difference in the solar 
magnetic field configuration known as closed 
he1iomagnetosphere and open he!iomagnetosphere, Fig. 6 
(Ahluwalia, 1979). The long recovery time during odd solar 
cycle, when the magnetic field configuration is a closed 
heliomagneto-sphere indicates that the long recovery is by 
diffusion where as fast recovery during even solar cycles 
(cycle 20), when the configuration is open heliomagnetosphere 
(or open heliosphere), indicates the direct access of cosmic 
rays in the heliosphere. This even odd solar cycle asymmetry 
indicates that the concept of spherical symmetry is not valid 
(Nagashima and Morishita, 1980 ). The results discussed here 
are summarised in table 2. 
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Fig.6 (Ahluwalia,1979) (a) nnd (b) A schemati c v i e VI 
of solar magnetic fi'^ld configuration as closed 
and open heliornap;netosphere respectively. 
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3.1.2 Cor relation beLwoor) the Coamic Kay IriLenslty Varialiorm 
nrul r»nnr»f>ot. Ar^f. i v i J.y-
Solnr ncUvlty irxJicon (nimnpot.n, coronnl qrwon 
line, solar flux, solar flares etc.), interplanetary 
parameters (solar wind speed and IMF) and geomagnetic 
disturbance parameters (Ap and Kp) are considered to 
represent, directly or indirectly, the conditions prevailing 
in the interplanetary medium. As discussed in the 
introduction of this chapter and it is clear from the Fig.4 
that the cosmic ray intensity is modulated by the changes in 
the sunspot activity as represented by its 11-year solar 
cycle variations and by the change in solar polar magnetic 
field configuration as represented by its 22-year solar 
cycle. 
Fig. 7 shows the yearly average value of cosmic ray 
intensity for high latitude stations along with the average 
values of sunspot number (Rz). These two are found to be 
anti correl ated, as dearly seeri in the figure for aM the 
solar cycles 19, 20 and 21. 
Many peculiar features have been noted from our 
plots. It is quite apparent that the changes in the magnitude 
of Rz leads cosmic ray intensity variations, Furthermore, the 
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12^ 
broad maxima (or flat maxima) of cosmic ray intensity from 
1972 to 1977 is conspicuous, because during this period the 
sunspot minima is not that broad, but, in general, the 
overall pattern suggests the control of solar cycle on cosmic 
ray inl.uiUjity w i I ti pur I urhnt, ioni; of junallor clurations. 
This relationship has also been studied on quiet, 
disturbed and Forbush decreases days and it is found that the 
general nature remains similar as discussed above on all 
types of days (Fig.8). 
The correlation between Rz and neutron monitor 
intensities are used to determine the time lag between them 
and thus to obtain a rough estimate of the boundary of solar 
modulation of cosmic ray intensity D (the boundary of the 
heliosphere or extent of heliosphere). Though the correlation 
is poor between cosmic ray intensity and Rz but it indicates 
that average time lag is of the order of 1-2 years. Thus our 
result as well as other published results (Mc-Kibben, 1981) 
indicate that the solar modulation boundary is certainly 
beyond 50 AU and probably extends up to 100 AU. 
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3.1.3 Long-Term Variation of Cosmic Ray Intensity and 
G(Hjmuyn«t U; 1 nrl i ces : 
The long-term variations of the geomagnetic field 
(i i r. tAir l)nnc,on aro nvnilnblo tfiroiiqh hho moar.iirenietits of Ap and 
Kp indices, Ap indices have been used quite often for long-
term correlation analysis with cosmic ray intensity 
variations. Geomagnetic disturbances are caused by the solar 
output and its variations, which travel through the 
interplanetary medium. It is therefore natural and meaningful 
to see the correlations of these indices (Ap and Kp) with 
sunspot number, solar flux and cosmic ray intensity on long-
term average basis. However, the relationship of Ap is not 
very straight forward, with Rz, solar flux and cosmic ray 
intensity as it is clear from the Fig.9. 
3.1.4 Hysteresis Curves and 22-Year Variation in Cosmic Ray 
Intensity: 
It is clearly reported in the literature that the 
11-year modulation of the cosmic ray intensity shows the 
hysteresis effect against solar activity. If the effect of 
the polarity reversal is superposed on the 11-year 
modulation, then the hysteresis curve splits into two loops 
124 
A 
A 
• 
O 
Solar Flux 
Sun 
CR 
Ap 
spot nurn 
In tens i t y 
Indices 
ber 
k-^ k 
PERIOD- 1963-81 
F i g . 9 
''~^^k-i 
AV 
PERIOD-1963-87 
100 
.200 
0 
X 
u. 
< 
o 
1/1 
1965 1970 1974 1978 
YEARS 
1982 1986 
A plot of yearly mean of Ap Indices from 1963-^7 
alongCwith the cosmic ray intensity, sun spot 
number(R2.) and solar flux. 
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corresponds to parallel state of the solar polarity to the 
yal.'Acjtic triaynoLic f i G 1 (J riiui tJio Iciwnt lf)op r.or r onpfiiulfs t,c:> tJin 
anl, i par n 1 1o I nl.nl.o oT t hn nolru [utinr ity to tfin qnlnctic 
magnetic field. As the reversal of the solar polar magnetic 
field occurs around every solar sunspot maxima, the 
transition from the upper loop to lower loop and vice-versa 
can be expected to occur alternately after every 11 year as 
shown in Fig. 10 by dotted and dashed lines. If we divide 
the hysteresis curves into two at the solar minima, so that 
each curve belongs to each solar cycle, than the divided 
curves describes respectively the wider and narrower loops 
(Fig.10) (Nagashima and Morishita, 1979). 
Nagashima and Morishita (1979) showed that for odd 
solar cycles these curves (or loops) are wider and for even 
solar cycles, the curves are narrower. 
Fig. 11 shows the observed hysteresis curves for 
the solar cycle 19,20 and 21. These are obtained by plotting 
yearly mean of cosmic ray intensity at Deep River versus 
sunspot number (F^z). Fig. 11 c;l early sfiows that the pattern 
of these hysteresis curves (or loops) is repeated after every 
22-years as discussed. The pattern of the hysteresis loops 
for the cycle 17,18 reported by Nagashima and Morishita 
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(1979) is shown in Fig.11 during cycles 17,18,19,20 and 21 
clearly indicate quantitatively that cosmic ray intensity 
variation also has a 22-year modulation cycle related to 
solar magnetic cycle in addition to well known 11-year 
modulation cycle related to the sunspot activity. 
3.1.5 Long-term Variation of C.R.intensity and Forbush 
Decreases: 
In Fig.12 , we have plotted the number of the 
Forbush decreases during the years 1963-1987 for which the 
neutron monitor intensity of Deep River is also plotted. The 
number of the Forbush decreases are indicated by the 
vertical lines, only those decreases are included whicti show 
the asymmetrical pattern (Lockwood, 1971). The relationship 
between transient decreases and the long-term modulation over 
about 24-years is apparent (Lockwood et al. 1984). The number 
of Forbush decreases in each year is noted by the visual 
inspection of the ground based neutron monitor data of Deep-
River, 
There is a large difference in the magnitude of the 
decreasing phases in 1965-69 and 1977-1982 of solar cycles 20 
and 21 respectively, although the slopes of the curves are 
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similar. Pur ther more, the cosmic ray intetisity at the minimum 
() I I ' ) / i ; ' i n ini K h 11 iv-zi'i 11 m i l i l l I ' I ' i ' i . I I iM I i i f i i I I I •! ( i t I I l it l.wi) 
cycles are summarised in table 2 . 
Figure 12, indicates that there is a relationship 
between the frequency of Forbush decreases and the 11-year 
variation of cosmic ray intensity. It is also seen that the 
onset of the solar modulation cycle 1961 and 1978 started 
with the series of large Forbush decreases (Fig.12 ) 
(Lockwood, 1960, Lockwood et a1. 1984). This suggests that 
the super position of large Forbush decreases might produce 
the long-term variation of cosmic ray intensity (or 11- year 
variation) (Lockwood et al. 1984,). To verify this 
suggestion/model, we plotted the yearly average of neutron 
monitor data of Deep-River on Forbush decrease days and also 
without Forbush decrease days. The removal of Forbush 
decreases was done by visual inspection of the day to day 
data of neutron monitor (Fig.13). The idea is that, if the 
long-term variation/modulation of cosmic ray intensity is an 
accumulative effect of several Forbush decreases, then after 
the removal of the Forbush decreases from the neutron monitor 
data, the 1ong-term/11-year variation should not be 
observable significantly, contrary to this we found that on 
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rnrhii'^.h f|or:ronno rlny-. n'z wr> 1 I fu~. witlK'ut rnrtiiinti dor: r o.'ir.o 
days for the period 1963-87, the pattern of the long-term 
modulation of cosmic-ray neutron monitor intensity in each 
solar cycle remains the same on both type of days (Fig 13 ). 
These results, thus suggest that the accumulative effect of 
Forbush decreases is not the only cause for producing the 
long-term modulation of C.R.intensity as suggested earlier in 
several papers, but in addition to this some other 
phenomena/mechanisms, are operating in the inner/outer 
heliosphere may be responsible for solar modulation of cosmic 
ray intensity. 
3.2 Anisotropic Variation : 
Daily variations in cosmic ray intensity arise from 
anisotropics produced in the interplanetary space. These are 
recorded by ground based detectors once a day as their 
'asymptotic cones of acceptance' sweep through the directions 
containing the spatial anisotropy. Comprehensive reviews on 
the subject tiave been provided in the past by Pomerantz and 
Duggal (1971), Rao (1972) and Ahluwalia (1976). In addition 
to the prominent diurnal component, the daily variation is 
composed of at least two more contributions of lesser 
133 
amplitudes i.e. semi-diurnal and tri-diurnal components. 
The solar diurnal variation of the cosmic ray 
intensity was interpreted initially on the basis of an 
outward radial convection and inward diffusion along the IMF. 
The balance between convection and diffusion generates an 
energy independent anisotropic flow of cosmic ray particles 
from the 18 hour corotational direction. Such a simple 
picture was recognised upto 1970, neglecting a number of 
other important effects which could alter the anisotropy 
considerably; for example, the excessive diffusion or 
convection, drifts due to density gradient, curvature of the 
interplanetary magnetic field (IMF), gradients in the IMF 
and/or the changes in the level of solar activity. 
It has been observed from the critical analysis of 
diurnal variation, calculated from ground-based data, on a 
day to day basis (Ananth et al. 1974; Kane, 1974, 1975) as 
well as on average basis for extended periods (Agrawal and 
Singh, 1975; Yadav and Badruddin, 1983 a,b; Ahluwalia and 
Riker, 1985; Yadav and Sharma, 1991) that the simple 
corotational picture was inadequate to account for all the 
observed features. In particular, the shift in the diurnal 
phase to earlier hours observed in the year 1971 by detectors 
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responding to a wide range of rigidities had indeed provided 
an ovidunco for addiLiorml ('ffocLri con t,r i t)uL i iig Lo Lho 
(lidiMrtl tliiio wliirh wf^H invfit i«nt: hafoift i n y n , ( R a o et a l . 
1972; Agrawal, 1973) and was accounted for interms of the 
convection diffusion model (Parker, 1964, 1965; Axford, 1965; 
Forman and Gleeson, 1975). 
In the early 1950's (Sarabhai and Kane, 1953; 
Thambyahpi1lai and Elliot, 1953) it was suggested that the 
22- year solar magnetic cycle might be connected with the 
diurnal anisotorpy. The possible association of the 22-year 
modulation with the polarity reversal of the solar magnetic 
field was discussed extensively by Nagashima and Morishita 
(1980), and pointed out that this idea was not new, having 
been first proposed by Davis (1955) and later Schatten and 
Wilcox (1969) to explain the 22-year variation of the solar 
diurnal anisotropy. 
It, is shown, from ttio cosmic; ray dnt.n obtained 
during two complete sunspot cycles, that the 22-year 
variation in the phase of the cosmic ray anisotropy exists 
(Enriquez et al. 1983). This 22-year variation in the phase 
of diurnal anisotropy is related with the solar magnetic 
field reversal. 
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III t h i n nr>< \ \i)\\ ( '1 . f ) W o n l i ' > W t l i n l tl|c-> 
relationship between the variations in solar activity and 
cosmic ray intensity is not a simple pfiase lag over the two 
solar cycles, but is changing continuously in such a way that 
after 22 years the pattern generated seems to repeat itself, 
suggesting that the polarity of the solar magnetic field may 
be playing an important role in the mechanism that produces 
the modulation of cosmic rays and variation in solar diurnal 
anisotropy having a 22-year periodicity. For this we have 
systematically studied the diurnal anisotorpy (amplitude and 
phase by using computer programme discussed in chapter-2) and 
its relationship with the polarity reversal of the solar 
magnetic field in solar activity cycles 20 and 21 and in 
their increasing and decreasing phases. The behaviour of the 
diurnal anisotropy was also investigated on quiet and 
disturbed days separately. 
The pressure corrected hourly neutron monitor data, 
after applying trend correction (Yadav and Naqvi, 1973), is 
harmonically analysed to have the amplitude and phase of the 
diurnal anisotropy for each day. Such an analysis of the 
cosmic ray intensity data has been performed separately on 
1 o 
inuyntil. It, q u I u L nnd dlnLurboiJ dayM ! (J( LIIO hiMjp Wlvur n e u L r o n 
monitor station. The total number of the days used for the 
analysis on different types of the days and for the period 
1963-87 are given in table 3. 
Tho yof^ rly nvorngo nmplitudn n\)i] phnno nro thof) 
calculated from the diurnal vectors separately on different 
types of days. 
3.2.1 The characteristic features of the diurnal anisotropy 
during solar activity cycles 20 and 21.: 
The neutron monitor data of the northern station 
Deep-River (Re = 1.02 GV) have been analysed for the period 
(1963-87), which include three solar minima 1964, 1976 and 
1986, to observe the 22-year variation of the cosmic ray 
diurnal anisotropy (amplitude and phase) and also the role of 
the drift model. 
The period 1963-87, includes two 11-year solar 
cycles 20 and 21, and three minima which observe the reversal 
of polarities of the solar polar magnetic field. The values 
of the amplitude and phase of the diurnal anisotropy for the 
period 1963-87,(which includes the solar cycle 20 and 21) are 
gi ven i n table 4. 
1 ?7 
TABLE 3 
Ntunfaei 0(5 tfayA oAed ^OA. anaLtiiiiA on d/C^^eient ;type 
0^ tki. dayA du/Llng the. pe.fLiod 1963-S7. 
YEAR POLARUy OF 
THE SUNS 
NORTH POLAR 
FIELD (NlJ 
QUIET 
VAVS 
VISTURBEV 
VAVS 
1963 
1964 
1965 
1966 
J967 
J96S 
/969 * 
1970 
1971 * 
;97Z 
1973 
1974 
J975 
1976 
/977 
197S 
1979 
19S0 
19S1 
19S2 
19&3 
1984 
1985 
1986 
1987 
'A A'' 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
M^xed polailty ytau. 
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TABLE 4 
PIURMAL ANlSOmOfVOVLR lUE PLRIOV 1963-87 on all day& 
Station 
Peep-
VzaK^ 
1963 
1964 
1965 
1966 
1967 
I96« 
1969* 
1970 * 
1971 *. 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 * 
1981 
1982 
J9S3 
1984 
1985 
/9/i^ . 
J9S7 
PolaH-lty Oj^  
thz iuKii noKth 
poldK i-Lo-ld 
L-),</^<0 
(-),^(A^0 
(-),V^ 
(O,r;^>0 (^ ),V 
(M,^^>0 
(-),V^ 
(-).V^ 
(^),^y^>0 
(H.'V'' 
i^),V^ 
(-),'/^<0 
(•).H^<0 
(-).'i^<0 
(-).'?^<^ 
( ) , . /^<o 
( \,H,<0 
O'CU.^ na^  an<Aotn.opy 
in ^pace 
Amplitude 
1?) 
0.2S 
0.f9 
0.25 
0.53 
0.34 
0.51 
0.23 
0.30 
0.24 
0.45 
0.33 
0.43 
0.25 
0.26 
0.34 
0.41 
0.44 
0.55 
0.33 
0.49 
0.24 
0.38 
0.29 
o.n 
0.43 
PhafsP in 
[Hoafi 
18.8 
18.6 
17.4 
17.1 
17.5 
17.3 
;9.2 
18.2 
18.0 
16.5 
16.2 
17.0 
15.7 
15.2 
15.4 
16.2 
16.2 
16.8 
17.6 
16.7 
18.4 
18.1 
19.1 
H.l 
17.1 
mXlV VOlkRllV VEkRS 
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From the correlation analysis between the diurnal 
phase and solar magnetic field polarity, carried out for the 
period 1963-87, we observed that during the minima of 1976 
( c 1 ^A^^^ when the north polar magnetic field is 
positive, the phase of the diurnal anisotropy shifts to 
earlier hours (1500 +_ 1 hours) (Fig. 14 a ) as compared to 
the minima of 1964-65 ( '^"7 »^^O) > when the phase is about 
1800 hours. Again after 22- years during the minima of 1986-
87 ( N "" • ^.<^o) (Table 5), when the north polar magnetic 
field is negative, the diurnal anisotropy phase shift back to 
later hours ( 1800 +_ 1 hours) as it was during the minima of 
1964-65 i^~\'\JA<Ci) i.e., 22- year earlier. This behaviour 
was also visible during the entire period from 1963-87 
(Fig.15 ). 
Thus the behaviour of the phase of the diurnal 
anisotropy, seen from two diffrent angles, indicates that 
there is a 22-year variation in the cosmic ray diurnal 
anisotropy related with the magnetic polarity of the solar 
cycle. 
The polarity dependence of the phase of the diurnal 
anisotropy is in agreement with wavy neutral sheet and drift 
model (kota and Jokipii, 1985), The amlplitude of the diurnal 
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anisotropy does not show any significant variation with 
polarity of solar magnetic field (Table 5). 
Our observational results 1963-87 (Table 6 and 7 ) 
clearly indicate that the behaviour of the diurnal phase, 
seen in two different ways, shows a 22- year variation in 
the cosmic ray diurnal anisotropy related with the polarity 
of the solar cycle on quiet as well as on disturbed days 
separately (Fig.14 b & c,16 and 17 ). The annual average 
diurnal variation of cosmic ray intensity over a period of 
24-years is i11ustrated in Figs.18,19 and 20. A cyclic trend 
with a period of 22-years and the shift in the phase of the 
diurnal anisotropy for the period when the north polar 
magnetic field is positive ( + ; V/^ >o) can be inferred from 
the plots. 
3.2.2 The nature of the diurnal anisotropy during the 
different phases of solar activity cycles 20 and 21. 
The nature of the diurnal anisotropy of cosmic rays 
(amplitude and phase) was investigated during the increasing 
and decreasing phases for the solar activity cycle 20 and 21. 
To study the effects of a wavy neutral sheet and drift on 
diurnal anisotropy the period of increasing and decreasing 
TABLE 6 
ViuAnaJt arvi&otAopy ouei t/ie pz>Llod1%3-S7 on qiu.&t dayi 
afinu\ntith the Vofatitii n(( the SJJN'A mnf]netio f^iefd. 
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Station 
V(LQ,p-
R-iwei 
yzan. Polaiity Oj$ 
SUM no>ith 
polai ^l^ld 
1963 
1964 
1965 
1966 
1967 
196S 
1969 * 
1970 * 
1971 * 
1972 
J973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 * 
1981 
1981 
1983 
1984 
1985 
1986 
1987 
(N) 
-),^lj^<0 
-),QA<O 
-),q^<o 
-),q^<o 
-Kq^<o 
-),qA<o 
r\ 
^),q^>o 
+),q^>o 
^).q^>o 
^),q^>o 
M,q^>(J 
H,V^  
^),qj^>o 
^),<l/^>0 
^).^<o 
-),q^,<o 
-Uqj^,<o 
-),q^<o 
-),q^<o 
-),q^<o 
->'V^ 
Viuinal An-if) 
in ipace. 
Amplitude 
{%) 
0.35 
0.31 
0.26 
0.41 
0.35 
0.37 
0.35 
0.35 
0.47 
0.35 
0.24 
0.44 
0.28 
0.27 
0.29 
0.34 
0.31 
0.39 
0.36 
0.39 
0.30 
0.38 
0.44 
0.29 
0.24 
otfiopy 
Pfia^ e 
(H/i4.) 
18.6 
18.6 
18.8 
19.0 
18.6 
18.6 
19.1 
18.0 
17.2 
17.3 
16.2 
17.4 
15.7 
14.9 
15.7 
17.7 
17.3 
18.3 
17.7 
?8.Z 
17.8 
18.6 
19.4 
18.0 
19.4 
M x^ed Polafiity Lj^ai6. 
TABLE 7 
ViiVLnal anlAotKopy ovci the. pzilod 1963-87 aJtongwiXh tho. 
poloAlty oft ike. SUM magnetic ^leld on dl&tuAbed dayi 
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station 
Vo-Q-p-
Hiv^n. 
ye.a>i 
1963 
1964 
?965 
1966 
1967 
196S 
1969 * 
1970 * 
1971 * 
1972 
1973 
1974 
1975 
1976 
1977 
I97S 
1979 
19S0 * 
19S1 
1982 
1983 
1984 
1985 
1986 
1987 
Polan.ity 0)5 
Sam, non.th 
polan. {tiQ.ld 
i-\,<i^<o 
i'),^f<0 
^^Uci^>0 
(-),V^ 
\-).^i>o 
i-\,^^>o 
i-),<lf>0 
\-),^f>0 
(H,q^>0 
(^).cif>0 
(-),q^ <o 
i-),cif<0 
i-).<if<0 
(-),QA'O 
i-).cif<0 
(-l,q^ <0 
(-),V^ 
Viu.n.nal An-Uc 
in 4pace 
Amplitude. 
(1) 
0.38 
0.26 
0.26 
0.26 
0.28 
0.36 
0.43 
0.39 
0.38 
0.43 
0.40 
0.42 
0.33 
0.31 
0.32 
0.23 
0.39 
0.36 
0.30 
0.29 
0.30 
0.36 
0.38 
0.22 
0.26 
)t^opy 
Pha^Q. 
17.0 
18.5 
16.6 
17.4 
15.7 
17.2 
16.1 
16.4 
16.1 
15.9 
16.7 
17.0 
16.2 
15.9 
16.0 
17.0 
17.7 
16.2 
16.0 
14.6 
17.2 
17.6 
17.6 • 
16.7 
18.0 
Mixdd Polafiity yeau. 
146 
^T 
CO 
I 
ID • 
cn 
Q 
O 
cr 
Q-
o 
b 
2 o 
z 
o 
2 
DC 
> 
cr 
a. 
UJ 
UJ Q 
^ 
y 
•^  
y 
i75 -3 (^ f 
(%) Ob NO 
Jr—\V o 
cs 
4-
rt o 
s 
§ • 
> 
3 
-H > . 
•H -P 
iH -H 
P, J-. 
S OJ 
•3 H 
v - ' O 
1^ P, 
o 
-P OJ W 
u si >, 
0) -p a< 
> -d 
x; I 
H -H -P 
QJH 
<o 
o 
a 
o 
d 
OJ CO 
D I 
H K N ' H 
CO VXD 
O 
•H 
-P 
0) 
6. 
cd 
S 
I 
I + 
I + 
I 
(StIH) Ob NO 
asvHd ivNbnio 
a 
0) 
bOTJ 
a» o 
0) u 
> (U 
rt P, 
u 
^ -P O 
oi p. 
0) bO 
•H n) 
P o 
•d 03 
<u 
3 
vD 
•H 
147 
1 I i — r 
00 
D 
O 
a: 
UJ 
a 
1—\—r 
Q: 
O 
t 
z 
o 
2 
z 
o 
en 
t-
UJ 
z 
I 
cc 
UJ 
> 
cr 
I 
Q-
UJ 
UJ Q 
1 1 
-
-
, > 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-t-
< 
\ 
< 
- J ^ ^
- o CO 
_ L 
ID 
M 
(%) 
H i l l M l 
nn NO 
IV IVI iNI IKJ 
(r,?in) nn NO 
•H 
U 
^-N O 
0) P< 
to 
x ; OS 
o 
-a w 
aJ<H 
o 
(U 
;3 CO 
f H 
J 1 
s 
°3 
> 
•H 
at 
H 
o 
o 
•p 
o 
0) 
> 
H 
d 
•H 
- d 
<H 
O 
H O 
OJrH 
> Cd 
CO 
CO 
-H I 
• H T * 
10 
•xi 
o 
QJ t ^ 
bflOO 
CO I 
CO t - 0) 
•H 
i H O 
(-1 -H O 
CO fn -H 
CU 0) +> 
> . PH QJ 
0) bb 
X ! 
•H 
cu 
x: 
EH 
CO 
S 
(>-
•H 
c 
o 
•H 
-P 
rt 
•H 
u 
a OJ rH 
> x:r-^ 
rH 
(4 
g 
S! 
- p 
c 
•H 
•« 
•H t > 
n CO 
t 
QJ c •H 
>. 
ca -H 
CO 
(U 
bl.' 
<U f o , C 
hfli^D ni 
fdcr>x; 
^1 
Q) 
> 
nJ 
>> 
H 
(H 
a> (D 
'^ ~ 
u o 
VH 
tn 
QJ 
o 
;-! 
ct) 
cu 
>. 
o 
•H 
T / 
6 
•H 
f^ ( 
a) 
p . 
i-> 
03 
OJ 
>. 
O CM 
> P 
•H 
>,cc: 
Q) 
x : 
4-> 
«H 
1 
P, 
0) 
0) 
Q 
O +J 
a 
o 
•H 
4-> 
OJ 
^ 
03 
Q) 
>. 
Q) 
X : 
- | J 
CD 
w p U 
o 
ct) 
tn 
rt+^ 4J 
+ i 
C 
Q) 
W 
OJ 
u 
•H 
c 
10 
CM 
CO 
(D 
P 
O 
IS 
• 
to 
;^ 
03 
CU 
>. 
13 < f 
O H 
E 
C (X o (U 
r 1 
•H 
O 
CM 
V i 
O 
^ P TJ 
fn +J 
i H 
03 
•H 
Xi 
P 
0 
c 
f l 
o 
s 03 
U 
H) 
n) 
•H 
o VH - d 
•rH 
G >^q 
O +J 
g 
CO 
X ! 
^. 
3 
o 
x : 
^1 
:3 
o 
«H 
1 
•P 
fl 
<u 
^ 
•H 
o 
•H 
w p> 
a 
<u 
•H 
X) 
-P X3 
c 
•H 
O 
•H 
^1 
Q) 
P, 
f t 
QJ 
> 
O 
>• 
a 
• 
>. 
P< 
o 
i-, 
p 
o 
o 
•H 
G 
03 
O H 
•H 
> 
0) 
03 .c; 
QJ 
Ufi 
>> O 
a3P> 
^. 
o 
•H 
1. 
o 
o 
«H 
o 
(U 
> 
«H 
O 
oi 
E 
::< 
•H 
' d 
(0 «H 
CO 
O 
^1 
o 
cu 
bO CO 
QJ Xi 
x; 
a p J-. 
o 
o ^ 
a 
QJ 
CO x : 
0> P 
148 
00 
•H 
149 
u. 
a: 
H 0) (TV 
Clj >>CV 
C 
U U C oj 
TS O - |J 
• H <4M CJ 
'C t< P 
JH tt1 O 
<D a; Q; S 
b;: > >, 
CT; - H 
fn 0-^  ai • 
•0; 1 .-c i i 
> t i f i :-
n; o) aj Oi 
OJ -P (L 
> ,c : cti -^^  
i H JH 
SL, +-> + ' - r 
cri 01 m r,, 
OJ -^ 
> i CO r- j V -
U r H O 
Q; c TH 
x ; p 73 
+-> -H O O 
a - i^ -H 
'HI O f-, 
O E E OJ 
1.1 O . 
a ti !^  
O O 1,: or; 
•H ;^ a! 
V -(J -H SU 
:;i P T : GJ 
+^ aj > 
C r, C o 
0) O P O 
S-, 'f- i - H - H 
a -c' > 0) > .TJ (TJ 
JH P '13 -C 
•H 0) 
rH w S^  , i : : 
Cti C C5 
• H lU 4 ^ CD 
' d P> O (0 
C vU O 
O -H > t., 
•r-l 'iCl 
^ >^ '-^  O rt O <U 
S SH . C 
S^H B + ' 
-x o u 
x; -H o w 
e tH cs 
^ w 
:3 o c! H 
O C .C rH 
i n P 0) 
•'H 2: 
f-< o c; 
:3 .H w 
O C 'Xi 
ffH O ». 
1 - H C-- W 
>> P 00 a) 
P CT< 1 - : j 
d -H KA <q 
CD f n v ^ C^  
J: OJ n^ ,C 
'^( > V - O 
• 
^ 1 
<-'^  
o 
> - • * 
+-' 
o fO 
T -
c 
c' 
r-l 
rrf 
^i 
^ J 
• H 
" 1 
'*'< 
o 
a; 
to 
^ci 
-C 
a 
0) 
A_! 
p 
c 
- r - ; 
> l 
P" 
•H 
O 
• H 
-d 
o 
•rH 
fs 
^ 
a 
.- i 
m 
'D 
^ t 
150 
r H 
tfl 
0) 
SH >-i 4-> O 
3 O 2S 
'( 
(b 
c^  
S-
dj 
> 
C 
> 
r H 
U 
(.i 
•1) 
> 
Q) 
A < 
•P 
V 
o 
t: 
o 
J^ > 
n/ 
_^> 
i-H 
/ i ; 
CO 
a; 
fn 
r^ 
Q) 
SH 
i H 
C' 
• H 
T;-
o 
• H 
>^  
O 
r" 
'M 
A ^ 
J-i 
3 
b J^ 
tn 
;:3 
o 
' 'M 
1 
^-'-i 
P 
TH 
Ci) 
3^  
Fr^  
J-^  
a; 
> 
•rH 
0-/ 
1 
o 
0) 
(IJ 
, o 
..;_> 
'a< 
, w 
tn 
O 
+-
• i - i 
o 
c_; 
O 
4 - 3 
iJ 
a' 
r: 
^ 
O 
V i 
K * ! 
P 
•r-l 
W 
c 
o 
-i_> 
f1 
• H 
^>-i 
ct 
^ 
O 
• H 
s to 
o 
o 
'-H 
O 
^ 
o 
CI< 
0 
> 
O) 
^' 
-p 
« 
W 
a 
OJ 
> 
-d-
<U Cvi 
P 
rt CH 
n 4,1 
0 
w T:; 
:=! 
f H 
i H 
• H 
0 
+-•' 
E 
CJ 
U 
03 
'X". 
v:. 
0 
• H 
O-J 
0 
•1-1 
u 
a-
D 
05 
u 
<x> ;> 
0 
B 
0 
T \ 
> 
rt 
m 
>> 
p. 
0 
^ 
p 
0 
CO 
'*~i 
c
m 
r H 
CO 
C 
u 3 
• H 
- C - 3 
01 
• H ^ tt-H 
' J 
T ; 
a! 
VH 
0 
- P 
0 
a' 
w 
w 
0 
i:^ . 
hi) 
0,1 
, C 
> -^' 
's-\ 
£1 
w 
a< 
- H 
S-i H 
C5 
H-i 
CI) 
f"; 
P 
S-l 
H 
M 
rii>-
+^ • 
a • 
H K \ 
U^ 
O j f 
0 
> -^ 
a^  
;^: 
0-; 
0 
o; CO 
en 
x; 
a 
OJ 
s: 
p 
c 
H 
> i 
P 
H 
0 
H 
01 -Ci 
CO 
0) 
0 
H 
JH 
brj 0) 
c: 
f j 
r-' 
d 
u 
(X'i 
CI, 
J-. 
CD 
0) 
>, 
a> c\j 
>>C\) 
' • ^ ^J 
o 
•H 
151 
phases in both the solar cycles is divided into two groups 
separately, based on the sense of polarity of solar polar 
magnetic field, group qA>0 (+),1971-1973, and 1977-1979 
(increasing phases of cycle 20 and 21), corresponds to the 
period when north polar magnetic field is positive (+) and 
the second group qA<o (-) ,1966-1968 and 1983-87 (decreasing 
phases of cycle 20 and 21), when the north polar magnetic 
field is negative (-) (Table 8). We observed that during both 
the increasing / decreasing phases for solar cycle 20 and 21, 
the diurnal anisotropy phase shifts to earlier hours for 
qA>o, + period (Fig.21) which is in general agreement with 
the curvature and gradient drift model (Levy, 1976). 
The phase shifts to earlier hours for qA>0 (+), was 
also observed when the diurnal anisotropy was investigated on 
quiet and disturbed days separately (Table 8) (Fig.22 and 
23). Our results support the drift model (Jokipii et al. 
1977). 
3.3 Dependence of amplitutde and phase of diurnal anisotropy 
on solar magnetic field polarity (drift model): 
We have divided the epochs of solar activity cycles 20 
& 21,into three groups: (1) 1964-68 (-), when the northern 
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TABLE S 
ViuAtiat Amplitude and Pluu,^ In tho. incAdOALnQ and 
d^cKfiOAAMQ pfio&e o^ SotoA actyLvAJty cycle. 20 and 21 
STATION 
VzQ.p-
RivzH. 
TVVE Of 
VAVS 
All 
day 6 
r 
quie.t 
days 
diitUil-
bzd 
dtxyh 
PHASES SCLAR 
OF SOLAR ACri-
ACTI\JITV VITV 
CyCLE QVCLE 
yec4ea4^ng 10 
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solar polar magnetic field was negative; (2) 1972-79 (+),when 
it becomes positive and (3) 1981-86 (-) when again the 
northern solar polar magnetic field becomes negative 
(Table 9). 
To observe the dependence the amplitude and phase 
of the diurnal anisotropy was calculated for the above three 
periods of different magnetic polarities, using the data of 
Deep-River neutron monitor ( Re = 1.02 GV) ,on magnetically 
quiet and distubed days and on all days. Results are given in 
table 10. 
For a period (1964-68) with a negative orientation 
of the northern magnetic pole ,the diurnal anisotropy with 
amplitude 0.40 % and time of maximum in space 1800 hrs. was 
found . For a period (1972-79) with positive orientation of 
the northern pole , the diurnal amplitude 0.40 % and the time 
of maximum in space 1600 hrs. was recorded . Again for 
a period (1981-86) with negative orientation of the northern 
pole ,the diurnal amplitude o.30 % and the time of maximum in 
space 1800 hrs. was observed. These results were plotted on 
the harmonic dial plot in figure 24. 
From figure 24, it is clearly observed that the 
TABLE 9 
POLARITY OF THE NORTHERN SOLAL POLAR MAGNETIC FIELP 
PURIM6 THE DIFFERENT PERICP OF ANALYSIS 
157 
STATION PERIOP OF 
ANAL/5IS 
POLARITy OF 
THE SUM'S 
MAGNETIC 
FIELD 
DRIFT 
NOTATION 
Veep- 1964-68] i ^ ) '• tj) 
'^ A <Q 
1972-79] C±)' ?' ,^>o 
1981-86) a)'- s^ ' A^ <0 
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TABLE 10 
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•RIVER NEUTRON 
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Fig,24 Diurnal vec tor (Amplitude and phase ) a t Deep-
River s t a t i o n in free space averaged over the 
period for d i f f e r en t so lar dipole o r i en ta t ion (on 
the rit^cht i s shov/n the sif'.n of sun ' s dipole for 
ttiese periods ) . 
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phase of the diurnal anisotropy shifts to earlier hours (1600 
hrs.) during the period 1972-79 (+) as compared to the the 
period 1964-68 (-)and during 1981-86 (-), it again shifts 
towards the earlier position (1800 firs.) as observed in 1964-
68 (-). This shows 22-year periodicity in the phase of the 
diurnal anisotropy related with the 22-year solar magnetic 
cycle . Shifts to earlier hours can be explained with the 
help of drift model. 
To give more weightage to our results and 
conclusions, the diurnal amplitude and phase was calculated 
on geomagnetical 1y quiet and disturbed days for all the three 
periods 1964-68 (-); 1972-79 (+) and 1981-86 (-). Results are 
plotted on a harmonic dial plots (Fig.25 & 26) and given in 
table 10. 
From these results it is clear that even on quiet 
and disturbed days also the diurnal phase shifts to earlier 
hours with increasing amplitude during the period 1972-79 (+) 
as compared to the periods 1964-68(-) & 1981-86 (-)(Fig.25 & 
26). 
Thus the results presented here , clearly show a 
22-year periodicity in the amplitude and phase of the diurnal 
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OOHR 
DEEP-RIVER NEUTRON MONITOR 
OUIET-DAYS 
0.1 •/. 
Amplitude 
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N 
1 -196^ -68 (4:) 
2 - 1 9 7 2 - 7 9 ( ± ) 
3-1981 - 8 6 ( + ) 
12 
Fig,25 Diurnal vector (Amplitude and phase) ? t Deep-River 
s t a t i on in free space averaged"over the period for 
d i f f e r en t solar dipole o r i en t a t i on (on the r i r h t i s 
shown the sign of sun ' s dipole for theoe periods ) . 
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ooni? 
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UtEP-RIVER tCUlRUN MUNIIUR 
DISTURBED-DAYS 
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2-1972 - 7 9 ( ± ) 
3-1981 - 8 6 ( : ; ) 
N 
Fig,26 Diurnal vec tor (Amplitude and phase) a t lOeep-
River s t a t i o n in free space averaged ovei^ the 
period for d i f f e r en t solar dipole o r i e n t a t i o n 
(on the ric^ht i s shov/n the sifm of sun ' s dipole 
for these per iods ) . 
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anisotropy related with the 22-year solar magnetic cycle 
( r or h i i n h , ) Mf'.'i ; Ki i rnni " I n I . I MM 1 n , I) ; ' 'w i I I ' M m . I '1 / •! ; Mc .i i t j | 
a1. 1981, Agrawal, 1981). 
3.4 Discussion: 
Modulation Models: 
1.Conventional Model (or Standard Model): 
This model for the solar modulation of cosmic ray 
intensity was first suggested by Parker, (1965). This model 
suggests that the cosmic ray intensity is determined by a 
balance between inward diffusion of cosmic rays through the 
irregularities in the interplanetary magnetic field (IMF) and 
outward convection of the cosmic rays by the solar wind, 
adiabatic energy loss as a result of the divergence of the 
solar wind velocity, and curvature and gradient drifts as a 
result of the large scale spiral structure and radial 
dependence of the IMF. This model is quite successful 
(approximately). But this standard model cannot explain the 
significant features observed in recent past of the solar 
modulation during different 11-year cycles, for example the 
pattern of the hysteresis loop in even-odd solar cycles, and 
the phase shift of the diurnal anisotropy to earlier hours 
for qA>0 ( + ) , when the north pole of the sun is positive. 
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2. Solar Wind Model: 
This model in spirit is quite close to standard 
model discussed above and it tries to explain that the cosmic 
ray modulation is due to the superposed effects of large 
propagating shocks and other disturbances in the solar wind 
(Lockwood, 1960). Although this idea is very old, but the 
interest in this model is again required by the observations 
of the spacecraft in the outer heliosphere. 
Nagashima and Morishita (1980), Bowe and Hatton 
(1982), Lockwood and Webber (1984) all suggest that the 
propagating interplanetary disturbances are necessary for the 
solar cycle modulation of cosmic ray intensity. 
Theoratically, Perko and Fisk (1983), Chih and Lee (1986) 
and Perko (1987) have shown how the propagating disturbances 
can reproduce most aspects of the observed cycle of solar 
modulation. 
The models discussed so far do not include the 
influence of gradient and curvature drifts in the IMF, for 
which basic physics demands, must be present at some level. 
Recently an asymmetry in the modulation of electrons and 
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nucleons for opposite states of the solar magnetic field has 
been observed which cannot be explained by the models 
discussed above. 
3. Drift Model: 
The effects of gradient and curvature drifts on 
modulation are pointed out by Jokipii et al. (1977). In the 
very recent past, efforts have been made by Jokipii and 
coworkers (Jokipii, 1986 a) and Potgieter and his colleagues 
(Burger et al. 1987, Potgieter et al. 1987 a,b) to understand 
the effects of drifts on the solar modulation of cosmic rays. 
In the standard models discussed above, the cosmic 
ray modulation is largely believed due to the control of 
large individual disturbances. The pattern of the drift in 
the heliosphere depends on three dimensional topology of IMF, 
which vary from minimum (dipolar configuration) to solar 
maximum (complex configuration). Drift offer an attractive 
model to explain the solar modulation. 
Charge dependent modulation is one of the important 
features of the cosmic ray drift models (e.g., Kota and 
Jokipii, 1983; Potgieter and Moraal, 1983, 1985). The reason 
for this is that the drift velocity due to gradients and 
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curvatures in the i nt-^ r p 1 anetar y rnayiietic field ( IMt ) has 
oppof^ite lii rent 1 onR for po^itivp and nf^ qat.ivp parti rl PT, . 
These particles should therefore experience different 
modulation conditions after they had entered the heliosphere 
as suggested by the drift pattern caused by the Parker spiral 
structure of the IMF. 
The significant features of the heliospheric 
magnetic topology which affects the drift path and sample 
drift patterns for galactic cosmic ray nucleons and electrons 
are shown in Fig. 27 for the period 1970-80. In this period 
the sun's north pole is positive (+) and magnetic field is 
directed away from the sun's north pole , this configuration 
is represented by qA>o in the drift equations. The 
heliospheric magnetic polarity reverses near every solar 
maximum after 11 years, drift velosities after 1980 and for 
the period 1957-70 are opposite ( i.e the sun's north pole is 
-ve) and in the notation of the drift equations, qA<o for 
these periods. In the period 1970-80, as shown in (Fig.27), 
positive particles entered near the heliospheric poles, 
drifted downwards towards the ecliptic, and then outward 
along the wavy equatorial current sheet. Near solar minimum 
the wavy current sheet is relatively flat and the propagation 
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V A > 0 \ . 
CURRENT SHEET 
F l g . ? 7 (Mc-kibbnn R.M.) SchfMiiRMc Hr-jft path for-
nuc leons and e l e c t r o n s for the per iod 1970-RO. 
Thg c u r r e n t s h e e t shown has an i n c l i n a t i o n of 
10 a t the sun . 
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of ttie particles along tlie current sheet by gradient drift is 
relatively easy and direct. As solar activity increases the 
amplitude of waviness also increases and particles will 
remain confined to the current sheet (because drift path 
length increases). During the increased solar activity, the 
current sheet is disturbed by the effects of propagating 
solar disturbances and separate secondary current sheet may 
even appear at high latitudes. As a result of this the drift 
path of cosmic rays through the heliosphere becomes 
increasingly tortuous, so that the solar wind's effective 
'resistance' to cosmic ray propagation, and hence the cosmic 
ray modulation also increases. 
Potgieter and Moraal (1985) have discussed the role 
of drifts in the cosmic ray modulation. If drifts are 
important in modulation, then the several features of the 
modulation will depend on the change of polarity of solar 
magnetic field. When the polarity of solar polar magnetic 
field changes, the drifts model predicts some specific 
changes in solar modulation and solar diurnal anisotropy, 
Mc-Kibben (1987) lists several such predictions(Table 11). 
These predictions are observed in our results 
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TABLt / / 
PfLe-dictlon 0^ the dni^t modeJt ^on. modalatlon 
<A>0 ; 1970-1980 q.<0 ; 1968-1970 
1980-pK(ii>mt 
Vlddictud ObiZfivtd RejJ^^ence 
VhoJiO. 0)5 tht diurnal 
an-U)Ot>iopy ihif^t, to 
zatllQ.n. kaan.6 {^ofi 
ye4 AhluMatia and Rike.fi 
[1984); SwiMon [1984] 
Vadav and Shatma {1991 
11 yQ.aK p^niodicity in 
the. nacleonia-component 
Oj5 co-imic Kay inttMity 
Ve^ Gaficia-Munoz et at. 
Sfadav and Shama [1989] 
3. 11 yean, periodicity in 
the phaie o^ the dian.nal 
ani^otiopy. 
Ve6 Vadav and Shafima (799/ 
E^j^ect 0(5 tuibalence in 
ecliptic Qiieaten. {^on. 
nacleon6 when 
^A<0 
Ve6 Shea and Smant (1985] 
Cofifielation o^ modulated 
inte.ni,ity with cun.H.ent 
ihze.t tilt. 
ye-i Smith and Thomai [1986] 
Vuiation 0(5 minimum 
modulation 
Pioton^ : lonQei (^OK q,>0 
Electioni,: ShorteK {^oi 
Ve-i 
Ho 
GaKcia-Uunoz et al.{1986] 
Gaficia-Hunoz et alAl986\ 
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shown in Figs. 2, 14 a, b & c,15,16 & 17 
This model predicts that shape of cosmic ray maxima 
during different solar cycles as controlled by the current 
sheet inclination. The maxima is broad during solar activity 
minima with qA>o (+) and narrow when qA<o (~) (Kota and 
Jokipii,1983). These predictions are also observed in our 
results shown in (Fig.2 ). Drift model is partially 
successful in describing nearly all the features of cosmic 
ray modulation. 
4. Cosmic ray modulation with 22-year periodicity : 
Recently published literature within a few years 
has shown convincingly that there is 22-year modulation of 
cosmic rays. Our results presented here have shown evidences 
for 22-year' modulation in cosmic ray intensity and further 
enhanced the importance of this 22-year modulation (in 
isotropic and anisotropic component of the cosmic ray 
intensity) relative to the 11- year modulation of cosmic 
rays, 
The possible association of this 22-year modulation 
with the solar polarity reversal of the magnetic field was 
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discussed extensively to tfie i r models, the features of the 
modulation are related to the polarity of the solar field 
with respect to the galactic magnetic field, when the two are 
parallel, galactic cosmic rays enter more easily into the 
heliosphere along magnetic lines of force as compared to the 
situation when the two fields reverse sign about every 
11-years near the time of maximum sunspot activity (or 
minimum cosmic ray intensity). Thus, successive activity 
minima are characterised by a different solar polarity 
(Table 12 ),and their effects clearly visible in the cosmic 
ray modulation cycle. 
Production of the specific features of the 
modulation cycles during alternate,(or even-odd cycles) solar 
activity cycles can be explained with the help of the 
particle drift and current sheet model proposed by Jokipii 
and coworkers (Kota and Jokipii, 1983, and references their 
in), Nagashima and Morishita (1980) and Jokipii and Thomas 
(1981). During the solar cycle (or half solar magnetic cycle) 
when the north polar field is inward, positive particles 
drift equatorward along the outer boundary of heliosphere 
before encountering and drifting inward along the current 
sheet. During this half solar cycle, the current sheet tilt 
TABLE /Z 
SOLAR MAGNETIC FIELD POLARITV 
172 
POLAR FIELO 
CHANGES OVER 
SOLAR 
flELV 
POLARITV 
{NORTH 
P(}LAR 
FIELD) 
PRIFT 
EFFECTS 
(POSITjyE 
PARTICLE 
TIME OF 
MAXIMUM 
OF PIURNAL 
AmSOTROPy 
COSMIC RA\/ 
JNTENSITV AT 
SOLAR ACTIflTV 
MIWIMUM 
1946 OUTWARP 
polai 
legions 
and outwaH.d 
along 
can.fie.nt 
Sh^t to 
zaKltzK 
hoah.i> {^nom 
tht 1800 hK. 
CO flotation 
Tlat maximum 
intuniity 
^fiom 1952-54. 
N+to-Nov.l95S 
S-to*May.l957 
imARV Inuiafid 
along 
cafifient 
i,kziit 
noO hfi. 
CO flotation. 
Peaked 
maximum 
intdnAity 
in 1965, 
H=100 
H-to*Tilb.l911 
S-^ to-Sap. 19 69 
H+to-My.l9i0 
S-to*Szp.l980 
OUTWARD 
INWARD 
down {^fiom 
polafi 
fitgion^ and 
oatwafid 
along 
cvLfifitnt 
i>hzzt 
Jnwafid along 
cafifient 
ihe.e.t 
Ski{it to 
iiafilie.fl 
hoafti. 
ISOO hfiA. 
Cofiotation 
Tlat maxir 
intenAity 
^fiom 1972 
to 1977 
W = 98.13 
Shaftply 
peaked 
max-unum 
intensity 
in 1987 
W = 100.3 
173 
play an important role in the arrival of cosmic rays in the 
inner heliosphere and shapitig the modulation peak during 
solar activity minimum is related to this situation. In other 
half of the solar cycle, when the north polar field is 
outward, positive particle drift indirectly to the inner 
solar system from the polar region and then drift outward 
along the current sheet. During this half cycle the current 
sheet tilt is not important in determining the cosmic ray 
intensity in the inner heliosphere. It is already noted that 
this drift current sheet model correctly explains the 
prt)duclioii of Lfio Bhnrply ponkod maximn in 190'j and 190/ and 
the flat maxima seen between 1972-77 period (Smith and 
Thomas, 1986). 
At present it is possible to understand the 
shape of the modulation cycle interms of this model. The slow 
recoveries that occured from 1959 to 1965 (cycle 19) and 
again from 1981 to 1987 (cycle 21), both happened just after 
the change of magnetic field polarity from +ve to -ve 
(Table 12) in 1958 and 1980. At this time the flow of 
particles into the inner heliosphere is expected to be 
controlled by the current sheet tilt because galactic proton 
moves down along the outer boundary of the heliosphere to the 
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current sheet and then inward along the neutral sheet to the 
earth. This is also expected to be the case during the 
decreasing ptmse from 1965 ) 9GB and nyain after )9/W. In 
1965-68, the decrease is relatively smoother as compared to 
1977-1981, where the decrease occured as several large 
Forbush decreases or steps, as discussed earlier. 
Many observations have been reported regarding the 
solar diurnal anisotropy by Swinson (1979), Mori et al . 
(1981), Agrawal (1983). The phase of the diurnal anisotropy 
shows a 22-year periodicity (Fig.15,16 &17) that is related 
to the polarity reversal of the solar magnetic field (Yadav 
et al. 1991 ) . 
The phase of the diurnal anisotropy in space is 
roughly ( 18 i 1 hours ) for the parallel state and 
( 15 +. 1 hours.) for the antiparallel state was found 
(Table 10 ). Application of drifts to explain the 22- year 
variation in direction of the diurnal anisotropy (Duggal and 
Pomerentz,1975) was first proposed by Levy (1975, 1976). The 
variation in the diurnal anisotropy (amplitude and phase) in 
two solar activity cycles 20 and 21 and in their increasing 
and decreasing phases (based on the sense of polarity of 
solar polar magnetic field), is such that in 1976 (qA >o ; +), 
175 
when the north polar magnetic field is positive, the phase 
11 r I I I " (I i 111 11 n I n n i T 11 t () 11 y <-: 11 i f l t^-. l r > o n r 1 i n i I > r > ii r <•; n r. 
cumpar 0(1 to Lho minirnn of 1904 Bfi, (f|A<o; ), whon tJm 
diurnal phase was about 18 hours . Again after 22-years 
during the minima of 1986 ( qA< o ; - ), when the north 
polar magnetic field is negative, the diurnal anisotropy 
phase shifts back to later hours ( 18 hours direction) as it 
was during the minima of 1964-65 ( qA< o ; - ) i.e. 22- year 
earlier. According to drift theories, in 1964-65 and 1986-87 
( qA< o ; -) , the inward drift and diffusive flow along the 
magnetic field near the equator balance the outward 
convection anisotropy, leaving only the azimuthal component 
of tfie inward flow which appeared as a corotational 
ani sotropy. 
In 1976 (qA>o ; +), the inner heliosphere near 
earth was populated more by drift down from the high 
latitudes, and the convection anisotropy was not as 
completely balanced . Kota and Jokipii (1985), Potgieter 
(1985 a), and Potgieter and Moraal (1985) have given 
discussions of the effect based on full solutions of the 
modulation equations. The effect continue to be observed, and 
Ahluwalia and Riker (1984,1985) and Swinson (1983,1984b) 
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reported that expected change in the direction occured after 
the polarity change in 1980. In our analysis the period of 
increasing and decreasing phases in both the solar cycles are 
divided into two groups separately based on the sense of 
polarity of solar polar magnetic field group qA>o ; + , when 
the north polar magneic field is positive (+) and the second 
group qA<o ; -•, when the north polar magnetic field is 
negative (Table 8). From table 8 it is clear that during 
both increasing/decreasing phase for the solar cycle 20 and 
21, the diurnal anisotropy phase shift to earlier hours for 
qA>o (+) period. Our results are in general agreement with 
the curvature and gradient drift model (Levy, 1976). 
The above dicussion described quantitatively how 
the drift current sheet model and the 22-year solar magnetic 
cycle can explain some of the most significant features of 
the 22-year cosmic ray intensity variations as seen by the 
neutron monitors. 
From the systematic study of the diurnal anisotropy 
for the period 1963-87 along with the polarity reversal of 
the solar polar magnetic field, it is clear that the 
influence of the polarity of the solar polar magnetic field 
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can not be ignored in the interpretation of the relation 
between the cosmic ray intensity variation and the polarity 
of the solar magnetic field i ri the solar activity cycles. 
Based on the results presented here, it seems that 
the 22-yGar variation is the most important one to throw 
light on the relative importance of existing models of solar 
modulation in the heliosphere. 
3.5 Conclusions: 
From the study of the long-term variation of cosmic 
ray intensity and its relation to the parameters related to 
solar and geomagnetic disturbance and with the polarity 
reversal of the solar polar magnetic field, the following 
conclusions are drawn: 
(a) The cosmic ray intensity variation shows the periodicity 
of 11-year as well as 22-years. 
(b) The variation of the phase of the diurnal anisotropy 
over the period 1963-87 shows the 22-year periodicity 
which is related to the polarity reversal of the solar 
polar magnetic field (Fig.15). 
(c) 22-year periodicity in the phase of the diurnal 
anisotropy is also observed on magnetically quiet and 
disturbed days (Fig. 16and 17). 
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(d) Phase of the diurnal anisotropy shifts towards the 
earlier hours for the solar activity period (1976, + ) 
on magnetically quiet and disturbed days (Fig.14 b and c ) 
as well as on all days (Fig. 14 a ). 
(e) Our observational results also shows that during both 
increasing/decreasing phases of solar cycle 20 and 21, 
the diurnal anisotropy phase shifts to earlier hours for 
period qA>0 (Fig. 21) when all days are taken into 
consideration as well as on magnetically quiet and 
disturbed days (Fig. 22 and 23 ). Our results are in 
general agreement with the curvature and gradient drift 
model . 
(f) The shape of the time profile of the cosmic ray 
intensity variation during odd solar cycles is 
different than the even cycles. During odd cycles 
sharp peak maxima of C.R. intensity are observed, 
while the maxima of cosmic ray intensity are broad 
during the even cycles. 
(g) The cosmic ray intensity recovers very slowly during odd 
cycles, while the recovery during even cycle is fast. 
(h) The effect of solar activity on cosmic ray intensity is 
a delayed effect. It takes a few months after which the 
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effects of sunspots as well as of solar flares are 
I <i( (Kjii I twtli I ti III l.liM I'Miy l.t;i (II v a i I d L l u t i s u t c o s i n i c 
ray intensity. Our results show that the cosmic rny 
intensity, in general, lags behind the sunspots as 
well as other solar indices by about a year, 
(i) The magnitude of the modulation of cosmic ray intensity 
is large during odd cycles as compared to the even cycle 
20 (Table 1). 
(j) The pattern of the hysteresis loops is different in odd 
and even solar cycles. Hysteresis loop is narrower 
during the even cycle 20, while it is wider during the 
odd cycle 21. 
(k) Neutron monitor intensity is 1.87% higher at 1987 and 
1965 maxima as compared to the 1972-1977 maxima. 
(1) Systematic differences in the overall shape of 
successive 11-year modulation cycles and similarities in 
the shape of the alternate 11-year modulation cycles 
are observed, that indicate a 22-year periodicity in 
cosmic ray intensity variations which seem to be related 
to the 22-year solar magnetic cycle. 
(m) Yearly average plot of Deep-River and Alert neutron 
monitor clearly show that the 11-year modulation of 
cosmic rays is in anti-correlation with the 11-year solar 
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sunspot cycle,but the origin of this 11-year modulation 
is not yet well understood, 
(n) The occurence frequency of the Forbush decreases is also 
different in different solar cycles (Fig.12). 
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EFFECTS OF SOLAR WIND STREAMS ON INTENSITY VARIATIONS OF 
COSMIC RAYS 
4.0 Introduction: 
Cosmic ray intensity reflects the dynamics of sunspots 
(Nagashima and Morishita, 1980), large solar flares (Hatton, 
1980; Akasofu et al . 1985 ), coronal holes (Hundhausen et 
al.1980: Venkatesan et al. 1980; Bravo et al. 
1985),inerplanetary shocks (Perko and Fisk,1983 ; Lockwood 
and Webber, 1984; Burlaga et al. 1984; Legrand and Simon, 
1985; Akasofu et al. 1985 ) and interplanetary current sheet 
( Smith and Thomas,1986; Jokipii and Thomas, 1981, Webber 
and Lockwood, 1988). 
Galactic cosmic rays observed at the earth have 
propagated through the heliosphere and are affected by the 
magnetic inhomogeneities encountered on their transit. Thus 
cosmic ray intensity is modulated by condition of 
interplanetary medium. Conversly, understanding of 
modulation process can be used for diagonising the 
interplanetary condition through the observation of cosmic 
rays. The cosmic ray modulation has been known to have 
various time scales (see for details, a recent review by 
Venkatesan and Badruddin, 1990 ). Though time scales of 
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various modulation effects may differ from each other, The 
basic process may be cominon, whicli Is, the I tiLet act I UK 
between the cosmic ray particles and interplanetary magnetic 
field. Thus investigation of one effect, e.g. Forbush 
decreases, would also lead to the understanding of modulation 
with other time scales. 
During the last few years new measurements of the 
interplanetary medium and the sun have produced exciting and 
important changes in our knowledge of interplanetary 
phenomena . One of the most important of these phenomena of 
the solar terrestrial physics . We believe these are the 
occurent streams in the solar wind near the earth . Streams 
are quasi stationary ,hot low density flows originating in 
coronal holes on the sun . Streams were originally modelled 
as steady , constant speed flows emanating from localised 
sources on the rotating sun (Chapman and Ferraro,1929). 
The high speed solar wind streams lasting for 
several days has been observed by satellites and spacecraft. 
The passage towards the earth of these high velocity solar 
wind streams, in general, leads to geomagnetic disturbances 
and change in the level of cosmic ray intensity. These high 
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speed streams are thus a key link in the complex chain of 
events that link geomagnetic intensity/cosmic ray intensity 
to solar activity and are, therefore, of great interest to 
solar-terrestrial physics community (Lindblad et al. 1989; 
Mavromichalaki et al. 1988; Venkatesan et al. 1982; lucci et 
al. 1979 ). 
High speed solar wind streams have been associated 
with solar active regions and coronal holes, which themselves 
are characterised by different features. Coronal holes are 
regions of low density and temperature and occur in weak, 
open, diverging unipolar regions ( Hundhausen, 1977 ), 
whereas active regions show a complex magnetic structure 
including close field zones and evolve rapidly when, for 
example, energetic solar flares occur in such regions. 
Remarkable differences are, therefore expected to be found 
between the interplanetary parameters chracterising streams 
from two regions. Thus,it is important to see whether the 
response of cosmic rays to solar flare associated high speed 
streams is different than for streams associated with coronal 
holes. The studies by Vershell et al. ( 1975 ), Venkatesan 
et al. (1982), Badruddin et al. (1986) and Badruddin (1990) 
have provided some insight in this direction. 
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Another solar phenomenn>i.of the interest in cosmic 
ray foboarch lb tho gontirAl maynotic ffeld, ohservtrtl mobi 
clearly in polar regions of the sun, which reverses polarity 
near every sunspot maximum, going through a complete cycle of 
22 years . Since the primary cosmic rays are mostly 
positively charged nuclei, the direction of any bulk drift 
motion across the non-uniform magnetic field in 
interplanetary space will depend on the polarity. Observed 
effects attributable to the solar polar field reversal are 
both supportive (Mc-kibben, 1988) non supportive. It is of 
interest, therefore, to check whether the short term Forbush-
type decreases show any change in the spectral 
characteristics as a result of the solar polar field 
reversal. 
Present chapter deals with the study of different 
types of high speed solar wind streams , i. e. coronal hole 
associated and solar flare associated , observed during the 
period 1972-84 . A detailed study of their effects on cosmic 
ray intensity, observed by three neutron monitors of 
different median rigidity of response ,has been done. The 
solar wind speed and interplanetary magnetic field (IMF) 
strength during the streams have also been considered. The 
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rigidity spectrum of the cosmic ray decreases observed in 
association with flare associated streams ,both before and 
after the polar field reversal in 1980 , has been studied. 
4.1 High speed solar wind streams (Data Analysis): 
The high speed solar wind streams in the solar 
plasma measurements have been identified alongwith their 
possible solar origin (Mavromichalaki et al. 1988; Lindblad 
and Lundstedt , 1981; Lindblad et al. 1989 ). These streams 
have been classified into two types, namely, corotating and 
transient streams. Corotating streams are believed to have 
their origin in coronal holes while transient streams are 
most probably flare generated . These high speed streams of 
two types ( coronal hole - associated and solar flare 
associated ) detected in solar plasma measurements during 
1972-84 have been considered. A detailed study of their 
effects on cosmic ray intensity, observed by terrestrial 
neutron monitors well distributed in latitude, has been done. 
After studying their time profile of cosmic ray 
intensity during the two types of streams, by applying the 
method of superposed epoch analysis, we have also studied the 
cosmic ray rigidity spectrum during the flare generated high 
190 
speed streams. As the period 1972-84 covers two polarity 
states of soair magnetic field (polarity reversal took place 
in 1980), we have further studied the possile effect of 
polarity reversal on the rigidity spectrum of cosmic ray 
intensity decrease associated with flare generated streams. 
4.1.1 Result and Discussion: 
Fig.1 shows the results of superposed epoch 
analysis of cosmic ray intensity data from neutron monitors 
at Deep River, Rome and Mt.Norikura, well distributed in 
latitude. In the figure epoch day corresponds to the day of 
beginning of high speed streams observed during 1972-84, for 
two types of streams. It can be seen from this figure that 
the decrease in cosmic ray intensity,due to streams 
presumably coming from coronal holes, starts slowly on the 
day of arrival of stream at the earth,it remains depressed 
for a few days before starts recovering slowly twoards its 
pre-decrease level. The intensity, due to streams, presumably 
associated with solar flares, starts decreasing sharply on 
the arrival of the stream at the earth, then the recovery 
starts slowly towards its pre-decrease level. The decrease 
in the latter case is of Forbush-type (A sharp decrease and 
slow recovery ) and also the amplitude of decrease is much 
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higher than that in the former case inspite of the fact that 
the averge solar wind velocity and the mean IMF strength is 
almost same in two cases ( Table 1). 
Vershell et at. (1975) also observed another class 
of transient decreases besides the classical Forbush 
decreases and these were attributed to quasi-stationary 
corotating spacial structures loosely associated with the 
active regions. Parker (1986) concluded that while streams 
are important in accounting for cosmic ray minima, many large 
cosmic ray depressions are better related to solar wind 
disturbances initiated by flares and plasma clouds 
responsible for type II and IV radio bursts. Murayama et al. 
(1979) have also reached at the conclusion that solar flare 
associated enhanced magnetic regions have much greater 
ability of reducing cosmic ray intensity than the corotating 
stream associated regions. By identifying two types of fast 
solar wind streams observed during 1964-76, one presumably 
coming from coronal holes and the other coming from active 
regions producing solar flares, lucci et al. (1979) showed 
that during high speed streams coming from coronal holes, the 
cosmic ray time behaviour of depression follows the time 
profile of solar wind speed and the streams coming from 
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active regions are accompanied by Forbush-type decreases and 
the time behaviour are not directly related to solar wind 
increase. The effects (on cosmic rays) of two types of 
streams observed during 1973-78 have also been studied by 
Shukla et al. (1979) and Venkatesan et al. (1982). They also 
observed a large difference in the time profile of cosmic ray 
intensity due to these streams of different solar origin. 
Though these observations have been quite successful in 
identifying the solar causes of cosmic ray intensity 
decreases, but there have not been much efforts to make 
certain the real physical cause responsible for different 
time profiles observed during streams of different solar 
origin, our observation for the period 1972-84 shows that in 
spite of the fact that the average solar wind speed and mean 
magnetic field is same during the two streams, there is a 
large difference in the time profile of associated cosmic ray 
decrese. This difference may be due to the fact that various 
other parameters are also associated with the cosmic ray 
modulation, e.g. small scale fluctuations in the magnetic 
field direction. This conclusion may also be drawn from 
Figs.2 & 3 in which change in magnetic field magnitude 
versus percentage cosmic ray decrease (Fig.2) and change in 
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solar wind velocity versus percentage decrease in cosmic ray 
intensity (Fig. 3) associated with individual flare generated 
streams is plotted. Though a positive correlation can be 
inferred from these figures, there is large scatter in data 
points. In other words, correlation between cosmic ray 
decrease and the change in to interplanetary parameters is 
poor. This poor correlation between field magnitude /solar 
wind velocity and cosmic ray intensity may be because of, as 
mentioned above, other parameters e.g. field fluctuations 
are also associated with such a modulation. 
The structure of magnetic field in transient 
streams (i.e.flare associated streams ) is more complex and 
less coherent than that of corotating streams (i.e. coronal 
hole-associated streams). This may be because the trubulent 
interactions are stronger in transient flows and the total 
fluctuating magnetic energy in transient system is typically 
higher than that in corotating system (Goldstein et al. 
1984). Such differences during the two types of streams would 
cor^spond to the enhancement in degree of scattering by 
magnetic irregularities, decrease in diffusion coefficient 
along the field line and hence nrore intensity depression in 
cosmic rays during flare associated streams than coronal hole 
1"8 
associated streams, 
Cosmic ray particles are affected by magnetic 
inhomogeneities encountered during their passage through the 
heliosphere. Parker (1965) provided a full Fokker-planck 
equation to represent the movement of cosmic ray particles in 
the heliosphere. This equation describes the change in 
cosmic ray density arising from combined effect of convection 
with the solar wind; the inward diffusion and the adiabatic 
energy change associated with divergence of convergencG of 
solar wind. The effect of drifts caused by gradients and 
curvature of large-scale IMF were explicity taken out from 
the equation because it was thought that the sector structure 
(Wilcox and Ness,1965) of IMF would cancel them. With the 
later recognition of off-ecliptic effects and disappeareance 
of sector structure (Smith et al. 1978), the contribution of 
drift term came to recognised. The work of Jokipii et al . 
(1977) and subsequent publications (i.e. Kota and Jokipii, 
1983; Potgieter and Moraal, 1985 and references therein) have 
created considerable interest and discussion with their 
suggession that modulation of cosmic ray intensity should 
have a significant component controlled by the state of IMF 
as transported out from the sun and hence should have a solar 
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cycle effect on the drift of cosmic rays in the heliosphere. 
However, experimental evidences both supportive and 
unsupportive to this concept have been obtained 
(Mc-kibben,1988). According to the models incorporating 
drift effects also, cosmic rays (i.e.positively charged 
nuclei) have preferential entry into the heliosphere via the 
ho) If) o(^ unt,f)r Inl plnno IT I,ho northorr) nolnr polnr mnqnohir 
field is nagative (i.e.during 1981-89) and they have 
preferential entry into the heliosphere via the solar polar 
if the northen solar polar field is positive (i.e. during 
1972-79 ). The solar pQ,^rity reversal took place in 1980. 
In order to check whether short term Forbush-type 
decreases show any change in rigidity spectrum as a result of 
solar field reversal in 1980, we have divided the flare-
associated streams into two groups i.e. those observed 
before (1972-79) and after (1981-84) the polarity reversal in 
1980. Fig.4 shows the superposed epoch results of cosmic 
ray intensity profile due to flare generated high speed solar 
wind streams observed during 1972 -79 and 1981- 84. If we 
fit the rigidity spectra with a power law R , we obtain 
almost same for 1972-79 and 1981-84 from our limited data. 
Thus it seems that the rigidity spectrum of intensity 
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depression is not much different in the two epochs of 
different solar magnetic conditions. In other words, it 
appears that solar polar field reversal of 1980 has had no 
marked effect on such modulations. This result is not in 
line with the predictions of two-dimensional numerical model 
incorporating drift effects (Kadokura and Nishida, 1986). 
This model of Kadokura and Nishida predicts a softer rigidity 
spectrum of transient cosmic ray depression for 1972-79 than 
for 1981-84. Though our analysis shows results, regarding 
rigidity spectra, which are insensitive to the solar polar 
field reversal, there is still need for data from wide 
rigidity range in order to varify this result conclusively. 
Several authors (Fenton et al. 1984; Lockwood et al. 
1986; Mulder and Moraal, 1986; Morishita et al. 1990 and 
references therein ) have studied the characteristic 
properties of Forbush-type decreases on the polarity of the 
solar polar magnetic field. However, often contradictory 
results have been obtained. In view of its apparent 
implication on the modulation models, further study of 
characteristic properties of Forbush-type decrease is needed 
(Venkatesan and Badruddin,1990). 
Lockwood et al. (1986) have studied the recovery 
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characteristics of several Forbush decreases using ground 
based neutron monitor data and data from satellites at 1 AU. 
They found that the recovery time is rigidity independent and 
that there are no apparent changes in the recovery time with 
solar magnetic field reversal. Apparently in contrast to 
these conclusions, Mulder and Moraal (1986) have found 
differences in recovery phases of Forbush decreases before 
and after the solar polarity reversal in 1969-71. The 
difference in recoveries, according to Mulder and Moraal 
(1986) may be attributed to the differnce in drift velocities 
in two IMF configurations. 
Sakakibara et al. (1987) have studied the 
dependence of rigidity spectrum of Forbush decreases and 
found some polarity dependence. However, on the other hand, 
Fenton et al. (1984) and Morishita et al. (1990) showed 
that the rigidity spectrum of Forbush decreases does not show 
any significant change for polari^ity reversal of polar 
magnetic field of the sun. These results are also 
contradictory to the simulation of Forbush-type decreases on 
the basis of convection-diffusion theory incorp-orating 
drifts (Kadokura and Nishida, 1986). 
The reason for the lack of observational support to 
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predication of model incorporating drifts may be due to the 
reason that during Forbush decreases phenomena the 
interplanetary field conditions may be turbulent enough to 
obscure the drift effects. 
4.2 Cosmic Ray and Geomagnetic Efficiency of Interplanetary 
Plasma: 
The setellite data collected for more than two 
solar cycles have shown that high and low-speed streams 
continuously reach the earth and have different origins. Two 
types of the solar wind streams have been identified (lucci 
et al. 1979): 
(a) regular and the recurrent streams coming from the 
coronal holes (RHSSs), 
(b) complex and transient streams associated with energetic 
solar flares (CHSSs). 
The origin of the low speed solar wind streams 
(LSSs) is still an open problem (Withbroe, 1986 and 
references their—'in). Some of the possible sources are 
coronal mass ejections associated with eruptive prominences 
or disappearing filaments, streamers and the interfaces 
between streamers and other coronal regions. 
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To understand the long term variation of cosmic ray 
intensity in the heliosphere, a detailed knowledge of the 
geomagnetic and cosmic ray response to each interplanetary 
plasma macro-structure during individual solar activity 
cycles is necessary (Wilcox et al. 1967, Garrett et al, 1974; 
Pudovkin et al 1980). Lindblad and Lundstedt (1981) produced 
a list of high speed streams recorded near the earth during 
the period 1964-65, This catalogue is very useful for studies 
of various solar-interplanetary and solar-terrestrial 
phenomena ( Mavromichalaki and Petropoulos , 1984 ). 
To examine the cosmic ray and geomagnetic 
efficiency of interplanetary plasma macrostructures, we have 
considered the RHSSs type solar wind streams for the period 
(1965-1974) associated with coronal holes. Coronal holes are 
now recognised as sources of high speed solar winds, very 
little is known concerning the coronal origins of low speed 
solar wind. Successful identification of high speed flows with 
coronal holes was only possible, because during the approach 
to solar minimum the coronal holes near the solar equator 
were large and stable. RHSSs are corotating quasi stationary 
structures with solar wind velocities ranging from 300 to 
900 Km/sec. In each streams, their well defined time 
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intervals may be identified at 1 AU. 
The RHSSs seem to be the most appropriate plasma 
structures to see the influence of the solar wind parameters 
on cosmic rays and geomagnetic indices (lucci et al. 1983). 
Sixty high speed solar wind streams coming from 
coronal holes are studied grouping them into three classes 
according to their time duration , (a) short streams (s) time 
interval At = 4 days, (23 S- events) , (b) medium streams 
(M) 4 < At < 6 days, (24 M-events) and (c) long streams (L), 
6 < At < 10 days, (13 L-events). Table 2 gives the list of 
the start time, zero day , year and type of stream. 
The influence of these three types of streams (S,M 
and L) have been analysed on the cosmic ray neutron monitor 
data of Deep-River (cut off rigidity = 1.02 GV) for the 
period 1965-74 and geomagnetic indices (Kp and Ap) using the 
superposed epoch analysis (Chree method). The epoch for the 
S-events ranging between -3 and +5 days, for M-events between 
-3 and +7 days and for L-events between -3 and +9 days. 
The average interplanetary data at the earth's 
orbit is derived from king (1977); solar wind bulk velocity 
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(V), proton density (Np), proton temperature (Tp) and 
magnetic field intensity (B). The average time profiles (or 
behaviours) obtained are shown in Figs. 5 & 6. 
4.2.1 Results and Discussion : 
The average features may be summarised as follows : 
1. Fig.5 shows that during all the classes of streams (S,M 
and L), the cosmic ray intensity shows a decreasing tendency 
and the decrease starts from -1 day in case of all the 
streams. 
2. During the S-streams the decrease of cosmic ray intensity 
is very sharp (as compared to M and L-streams). It starts at 
-1 day and reaches a maximum value on +1, and then recovery 
starts with two well defined parts. In the first part from +1 
to +2 day the recovery is very fast and then from +2 to +4 
day it is slightly slow. The time profile during decrease and 
recovery phases is quite symmetrical (Fig.5a) (Table 3) . 
(3) During M and L streams, the time profile of decrease of 
cosmic ray intensity seems to be similar to Forbush decreases 
(FD). The decrease phase starts from -1 day and reaches a 
maximum value on +3 day for M-streams and on +2 day for 
L-streams (Table 3). Both during decrease phase and recovery 
phase, decrease and recovery of cosmic ray intensity is slow 
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aR cnmnar<ad to R-strpamR. (Fiq.Fi b ft n ) . 
(4) Time profile of cosmic ray intensity shows that the 
influence of M and L streams remains for a larger duration on 
cosmic ray intensity while the duration of the influence on 
cosmic ray intensity for S-streams is shortest as compared to 
M and L- streams. 
(5) For geomagnetic parameters (Ap & Kp) and also for other 
parameters, except ,<V>, <Np> and ,<CR> the maxima are 
reached on the zero days (Fig.6), which shows that maximum 
energy transfer between the solar wind and the magnetosphere 
is associated with the transit of the corotating 
interaction region . This results is also confirmed by 
Akasofu (1981) and Borello Filisetti et al . (1988). 
(6) Variation of CR intensity shows anticorrelation with 
geomagnetic indices as well as with all other parameters of 
the solar streams (Fig. 6) with a time lag of +1, +2 and +3 
days between maxima (or maximum peak ) B , ( magnetic field 
intensity) for S,L and M streams and <- A I> (maximum of 
cosmic ray intesity decrease) (Table 4) . Such a 
anticorrelation was also reported by Duggal et al. (1983). 
(7) The maximum of <V> (solar wind velocity) and <- AI> 
(maximum of C.R. intensity decrease) follows the zero day one 
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or two days later and there is no time lag between two 
maximum <V> and ,<-AI> for all classes of streams (S,M and 
L ) Table 4. 
(8) The peak of cosmic ray intensity decrease <- Al> and 
time profile of the decreasing phase occurs during a rising 
speed phase ( 9^>o ), generally less than 3 days and 
dt 
containing the interaction region between the fast solar 
wind, ejected by coronal hole, and the slow one emitted by 
the solar regions located immediately west of the hole. In 
this interaction region the plasma is compressed and the 
strength of the magnetic field is high which produces the 
decreases in the cosmic ray intensity also, similar results 
are shown by the geomagnetic parameters (Ap and Kp) (Ball if 
et al 1969, Sawyer and Haurwitz, 1976). 
(9) The recovery of cosmic ray intensity begins during the 
declining speed phase ( < 0 ), lasting from 1 to 5 days, 
but the cosmic ray recovery takes about 3 to 5 days 
(TableLj l). It shows that the RHSSs seem to be the most 
appropriate plasma structure to evaluate the contribution of 
solar wind velocity to the cosmic ray intensity decrease and 
the geomagnetic perturbati6ns. 
(10) Temporal behaviour of cosmic ray intensity and 
geomagnetic parameters are very regular and similar from one 
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ntrontn clnnn to nnothor; n littlo innronRO in tho VBrinbility 
in the behaviour of both is seen during longer streams. 
It appears from the figure 5 & 6 that highly 
disturbed days, influence more strongly <Ap> than <Kp> and 
influence cosmic ray intensity for a longer duration. Ap is a 
more sensitive geomagnetic parameter as compared to Kp to 
show the influence of any interplanetary parameters. 
4.2.2 Variation of Cosmic ray Intensity and Solar Activity 
(Sunspot No) inside and outside the RHSSs at 1 AU: 
To obtain the information about the level and 
nature of the variation of cosmic ray intensity and sunspot 
activity outside the high speed solar wind streams, we have 
selected the magnetic quiet days in each year which are 
outside the period of streams (S,M and L type). 
The average cosmic ray intensity and average 
sunspot number (Rz) of the each year on magnetic quiet days 
which fall outside the streams interval are plotted (Fig.7). 
Similarly to obtain the nature and level of the variations of 
these two quantities, we have plotted the average cosmic ray 
intensity and the average sunspot number on streams days for 
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s u n s p o t number cR^ , s o l a r wind v e l o c i t y ^V>. 
and i n t e r p l a n e t a r y m a g n e t i c f i e l d ^B> o u t s i d e 
t h e h i g h s p e e d p l a s m a s t r e a m s p e r i o d . 
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each year from 1964 to 1975 (Fig. 8). 
Figure 7 and 8, reports the yearly averages of 
cosmic ray intensity and sunspot number computed for outside 
and inside the high-speed plasma streams periods. The average 
feature may be summarised as follows: 
(1) Both outside/inside the streams period the nature and 
the level of the long-term variations of cosmic ray intensity 
and sunspot number (Rz) is almost similar (Fig 7 & 8), and 
cosmic ray intensity is anticorrelated with the solar 
activity (Forbush, 1954, 58). 
(2) During outside/inside the streams period <CR> is roughly 
in antiorrelation with <V> and <B> (Fig 7 and 8). 
(3) <V> shows maximum in 1965 and <V> shows a nearly linear 
increase, while <CR> shows a nearly linear decrease in the 
ascending phnse of solar activity (1965-68); with solar 
magnetic polarity ( - ). For the decending phase of the solar 
activity ( + nearly), <V> shows a decrease and <CR> increase 
from 1969-72 (+) and then both <V> and <CR> are practically 
constant from 1972 to 74 (+), for this period sunspot number 
is also almost constant. 
The time lag between the maximum of <V> and minimum 
of <CR> is about 1 year. 
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Fig ,8 The yearly averages of cosmic ray i n t e n s i t y , 
sunspot number ^ R> , so l a r wind ve loc i ty^V^ 
and i n t e rp l ane t a ry magnetic f i e l d ^B> ins ide 
t he high speed plasma streams pe r iod . 
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(4) <B> also shows a minimum in 1965, and <B> shows a 
linear increase in the ascending phase (1965-67) of the solar 
activity cycle and show decrease from 1967-69 (mixed 
behaviour) while cosmic ray shows a linear decrease during 
the ascending phase from 1965 to 1969, with a time lag of 2 
years between the two . In the acending phase of solar cycle 
from 1969 to 1974, <V> shows a very gradual increase (periods 
of reversing polarity + ) (Webb et al. 1984 and reference 
theirin ). 
This problem/study needs further detailed 
systematic investigation. 
Our results indicate that <V> and <B> have a 
dominant role in modulating the cosmic ray intensity in the 
heliosphere. 
4.3 Conclusion: 
1. The decrease in cosmic ray intensity due to high speed 
streams from solar flares is much larger (and Forbush-
type) than the streams due to coronal holes. The reason 
for this difference may be due to the fact that flare-
associated streams are accompanied by more fluctuations in 
the magnitude and /or direction of the interplanetary 
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magetic field than coronal hole-associated streams. 
2. From the study of rigidity spectrum of cosmic ray 
decreases associated/flare streams, we did not observe any 
polarity dependence on the solar polar magnetic field. 
This observation dose not concur with the predicated result 
of simulation of Forbush-type decreases based on the 
model including drifts. The reason for the lack of 
observational evidence for polarity dependence during 
Forbush-type decreases may be due to generally turbulent 
IMF condition which is not favourable for the drift 
effects to be observed. 
3. Similar studies of effects of different solar streams on 
cosmic ray intensity profile may be used as one of the 
evidences to confirm the origin of these streams. Such cosmic 
ray evidence may be helpful in view of recent contention of 
Hewish and colleagues ( see Hewish, 1988 and references 
therein ) that almost all the high speed solar wind streams 
are caused by outflow from coronal holes and there is no 
reason to invoke solar flares as causal agents when flare 
association can be made. This idea refuting claim that 
the solar flares generally cause the disturbances 
(specially non-recurrent ) is based on their radio 
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observations. On the basis of these observations it has been 
suggested (Hewish, 1988) that all major geomagnetic storms, 
both recurrent and non-recurrent,are caused by outflow of 
fast solar wind from coronal holes. This is contrary to 
the generally held view that major non-recurrent 
geomagnetic storms are caused by solar flares. This 
controversy needs to be resolved and observation of their 
(streams) effect on cosmic rays may provide 
some clarification. 
4 Our results show that the streams coming from the coronal 
holes (RHSSs) during the period 1965-74 produces significant 
decrease in cosmic ray intensity (Forbush type) (Fig.5 ) and 
significant increase in the geomagnetic indices. The cosmic 
ray intensity decrease begins on the day the plasma speed 
starts to increase and ends with the complete stream 
passage . The largest decrease of cosmic ray intensity are 
associated with the plasma rising speed phase , which are 
also characterised by enhanced plasma interplanetary magnAic 
field strength (and plasma pressure), as expected from the 
corotating interaction passage . This sort of behaviour is 
found for all the three classes of streams (S,M and LI-
Borouch and Burlaga(1976) suggested that the drift associSfltJ 
with the gradient in B might be a factor in producing cosiifex 
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ray decrease (Forbush decrease). 
Our analysis shows that a combined effect of two 
important interplanetary parameters V and B is necessary 
to cause the reduction of cosmic ray intensity and to 
reproduce the cosmic ray intensity behaviour during RHSSs. 
Similar study should be performed for CHSSs (complex and 
transient streams associated with energetic solar flare , 
LSSs (low speed solar wind streams) to see the effect of B 
and V ( of these streams parameter) on the cosmic ray 
intensity. It is observed that when the earth is inside the 
interplanetary perturbation of short duration (during S-
stream), the reduction in cosmic ray intensity during the 
decrease and recovery phase is very fast and nearly 
symmetrical as compared to the long duration perturbation 
(M and L streams), where cosmic ray intensity reduction during 
the decrease and recovery phase is slow (Hundhausen ,1972 and 
Burlaga, 1975). Our results provide an evidence that the 
speed and magnetic field strength and also the presence of 
small scale fluctuations (or degree of turbulence ) in the 
magnetic field direction (not studied) in this chapter ) may 
be involved in such Forbush type decrease (Balcher and 
Davis,1971: Behannon and Burlaga ,1981; Barnes,1979 ) . 
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